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Background: Heart rate (HR) reduction in patients with systolic heart failure (HF) is a cornerstone of current
therapy. The aim of this study was to evaluate the short-term effect of the HR reduction with ivabradine on
N-terminal pro-brain natriuretic peptide (NT-proBNP) in outpatients with systolic HF.
Hypothesis: Ivabradine improves survival and promotes left ventricle remodelling by reducing resting heart
rate. Nt-ProBNP absolute and trends predict prognosis. We hypothesized a possible association between heart
rate decrease and Nt-ProBNP values.
Methods: We included 25 outpatients with systolic HF on optimized medical therapy (80% on angiotensin-
converting enzyme inhibitors, 56% on spironolactone, and 88% on β-blocker therapy), left ventricle ejection
fraction <40%, and sinus rhythm and HR >70/bpm. After a 1 month running-out period, to establish the
clinical and NT-proBNP stability, patients were started on ivabradine for 3 months.
Results: Ivabradine decreased NT-proBNP (P = 0.002) from a median of 2850 pg/mL to 1802 pg/mL,
corresponding to a median absolute and percent decrease of 964 pg/mL and 44.5%, respectively. The baseline
HR correlated significantly with the baseline NT-proBNP (rs = 0.411, P = 0.041). The absolute and percent HR
decrease correlated with the absolute NT-proBNP decrease (rs = 0.442, P = 0.027; rs = 0.395, P = 0.05). The
greater the NT-proBNP absolute decrease tertile, the greater the baseline HR (P = 0.023) and the absolute (P
= 0.028) and percent (P = 0.064) HR variation.
Conclusions: In outpatients with systolic HF, the NT-proBNP reduction obtained by short-term ivabradine
treatment correlates closely with the degree of HR reduction.

Introduction
Heart rate (HR) is a major determinant of myocardial
oxygen demand, coronary blood flow, and myocardial
performance affecting the prognosis of the general
population1,2 and of specific subgroups of patients, such
as those with cardiovascular diseases,3 heart failure (HF),4

and multiorgan damage syndromes.5

The optimized medical therapy for systolic HF includes
the introduction and uptitration of several drugs and
cardiac resynchronization therapy for those with persis-
tent symptoms.6 The left ventricle remodeling induced
by angiotensin-converting enzyme inhibitors, angiotensin
receptors II blockers, and spironolactone is often accom-
panied by a decrease of natriuretic peptides levels,7–10

whereas the β-blockers have a variable effect.8,11 The
N-terminal pro-brain natriuretic peptide (NT-proBNP) abso-
lute values and trends predict chronic HF prognosis.12

Patients with left ventricle systolic dysfunction have
decreased stroke volume and may need to increase HR
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to increase cardiac output. The aggressive HR control could
attenuate that response and may have negative inotropic
properties. Ivabradine is a selective and specific inhibitor of
the sinus node If current, resulting in a pure HR lowering
effect. HR reduction with ivabradine improves left ventricle
filling by the prolongation of the diastolic time and increases
stroke volume. In patients with systolic HF and resting HR
>70/min, it improves event-free survival,13 quality of life,14

exercise capacity,15 and promotes left ventricle reverse
remodeling at 8 months.16 However, it remains unclear
what ivabradine’s effect is on natriuretic peptides.17,18

The objective of our study was to evaluate in stable
outpatients with systolic HF the short-term (3 months)
effect of ivabradine on NT-proBNP.

Methods
Population

Twenty-five ambulatory, clinically stable outpatients with
systolic chronic HF, followed in a specialized HF clinic
in a tertiary teaching hospital, on optimized standard
medical therapy were consecutively incorporated in the
study between October 2010 and December 2010.
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Eligibility Criteria: Patients with chronic HF, on opti-
mized medical therapy according to European Society of
Cardiology guidelines, left ventricle ejection fraction <40%,
New York Heart Association (NYHA) class II-III, and sinus
rhythm and resting HR >70/min were eligible for inclusion
in the study.
Exclusion Criteria: Patients were excluded who had acute
decompensation (acute coronary syndromes and acute HF)
and hemodynamically significant valve disease.

Study Design and Procedures

This was a 4-month, open-label, interventional, prospective
study. The first month was a running-out period to establish
the patients’ clinical and neurohormonal stability. During
the next 3 months the patients were on ivabradine therapy.

At a scheduled clinic visit at the HF clinic, patients were
screened for the eligibility and exclusion criteria. The
NT-proBNP (Elecsys 2010; Roche Diagnostics, Indianapo-
lis, IN) was also determined. After a 1-month running-out
period, without any modification of medical therapy, all
screened patients were reevaluated to establish clinical and
neurohormonal stability. Clinical stability was defined as: no
weight change (<2 kg), same NYHA class, and no change
of the diuretics dosage. Neurohormonal stability was
defined as no significant change (<30%) of the NT-proBNP.
A sample of blood for standard laboratory testing and
NT-proBNP was obtained. Rhythm and resting HR was
determined with an electrocardiogram. The ivabradine
starting dose was 5 mg 3 times a day and the titration (up
or lowering dose) was similar to the SHIFT (Systolic Heart
failure treatment with the I f inhibitor ivabradine Trial)
trial.13 Briefly, the starting dose of ivabradine was 5 mg
twice daily. After 14 days, the dose was adjusted 7.5, 5, or 2.5
mg twice daily according to the resting HR and tolerability.
At least monthly visits to the clinic were scheduled. At 3
months, a full clinical evaluation, including NYHA class
assessment and laboratory workup including NT-proBNP
determination was performed. The clinical status variation
was subjectively classified as worsen, unchanged, and
improved by a patient-reported self-assessment. The
protocol was approved by the institutional review board,
and written consent was obtained from all patients.

Objective

The primary objective of our study was to evaluate the
short-term (3 months) effect of ivabradine on NT-proBNP
values in systolic HF outpatients. The secondary objective
was to determine the relationship between baseline HR and
its variation with ivabradine therapy and the NT-proBNP
and clinical status variation.

Statistics

Results are expressed as mean ± standard deviation,
median (interquartile range [IQR]), and frequency (or
rate). Parameter variations in relation to the baseline were
evaluated with the paired Student t test and the Wilcoxon
rank signed test (for NT-proBNP). The relationship between
parameters was determined with the Pearson correlation
coefficient (or the Spearman correlation coefficient for

nonparametric parameters). The variation in relation to the
baseline value (for the HR and NT-proBNP) was determined
as a absolute (initial final) and relative (percent) variation.
Resting HR (76 and 80 bpm), HR variation (4.7 and 14.6
bpm), and the NT-proBNP variation (447 and 1876.3 pg/mL)
were stratified according to the tertiles. The between groups
comparison (NT-proBNP tertiles in relation to the baseline
HR and HR variation) was determined with the Kruskal-
Wallis 1-way analysis of variance. All tests were 2-tailed and
performed using the Statistical Package for Social Sciences
(SPSS 17) software (SPSS Inc., Chicago, IL).

Results
Baseline characteristics of the cohort are reported in
Table 1. At baseline, resting HR was 79.2 ± 7.1 bpm, with 88%

Table 1. Clinical Characteristics, Concomitant Diseases, and Treatment at
Baseline

Demographics

No. of Patients 25

Age, y 63.8 ± 6.9

Male/Female, % 68/32

Weight, kg 75.9 ± 16.8

NYHA class, II/III, % 44/56

LV ejection Fraction, % 30.0 ± 8.0

Concomitant diseases

Diabetes mellitus, % 40

Hypertension, % 80

Dislipidemia, % 28

Ischemic heart disease, % 44

Etiology

Idiopathic, % 24

Ischemic, % 32

Hypertensive, % 20

Postmyocarditis, % 4

Other, % 20

Treatment at inclusion

Furosemide, %, mg/d 92, 80

Metolazone, % 16

Spironolactone, % 56

ACE inhibitor, % 80

Angiotensin receptor blocker, % 24

β-blocker, % 88

50% β-blocker target dose, % 45

Digoxin, % 24

Statins, % 56

CRT, % 28

Abbreviations: ACE, angiotensin-converting enzyme; CRT, cardiac
resynchronization therapy; LV, left ventricular, NYHA, New York Heart
Association.
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Table 2. Cardiac Parameters and NT-ProBNP Variation During the Study

Screening Baseline 3 Months Pa Pb

SBP, mm Hg 117.8 ± 13.2 114.2 ± 26.7 125.0 ± 16.0 0.550 0.087

DBP, mm Hg 70.6 ± 11.8 70.8± 13.0 67.5 ± 13.9 0.728 0.199

Resting HR, bpm 77.9 ± 6.3 79.2 ± 7.1 69.2 ± 10.4 0.018 <0.001

NT-proBNP, pg/mL 1957.5 (915.5–4698.7) 2850 (12.05–5831) 1802 (632.5–3465.5) 0.102 0.002

Creatinine, mg/dl 1.34 ± 0.49 1.32 ± 0.43 1.37 ± 0.49 0.285 0.428

NYHA 2.5 ± 0.5 2.5 ± 0.5 2.1 ± 0.3 NS <0.001

Abbreviations: DBP, diastolic blood pressure; HR, heart rate; NS nonsignificant; NT-proBNP, N-terminal pro-brain natriuretic peptide;
SBP, systolic blood pressure.
Date are presented as mean ± standard deviation, and for NT-ProBNP as median (interquartile range).
a P screening vs baseline. b P baseline vs 3 months.

of the patients on β-blockers and 24% on digoxin. The median
ivabradine starting dose was 10 mg/day (8.7 ± 2.2 mg/d).

NT-proBNP, HR, and Clinical Status Variation

As expected, there was no significant variation of the
study parameters between the screening visit and baseline
(Table 2). During the running-out period, the median NT-
proBNP increase rate was 20.1%.

At 3 months, in relation to the baseline, there was a
significant decrease (P = 0.002) of NT-proBNP, with a
median absolute and percent decrease of 964 pg/mL and
44.5%, respectively. Resting HR decrease (P < 0.001) was
10.0 ± 10.4 bpm, corresponding to a 12.4 ± 12.5% decrease
rate. NYHA class (P < 0.001) decreased significantly, 40%
improved the NYHA and 56% the patient-reported self-
assessment, whereas 40% experienced no change of the
patient-reported self-assessment. During the 3 months there
were no deaths or hospitalization. There was no significant
change in blood pressure and renal function. One patient
decreased the furosemide dosage and 2 stopped metolazone.

Not taking β-blockers therapy was mainly associated with
previous pulmonary disease (asthma or chronic obstructive
pulmonary disease). Of the patients on β-blockers (88%),
only 1 achieved the target dose, and 45% achieved 50% of
the target dose. The subgroup of patients achieving 50%
of the β-blockers target dose had no significant difference
of the baseline HR, final HR, and baseline NT-proBNP in
relation to those on <50% target dose. Moreover, the percent
variation of the HR (median, 16.4; IQR, 5.3–22.8% vs median,
11.9; IQR, 8.4–21.1; P = 0.746) and NT-proBNP (median,
46.6; IQR, −17.6–76.4 vs median, 47.0; IQR, 23.1–54.3;
P = 0.735) were similar.

HR Variation Relation With NT-proBNP and Clinical Status

The baseline HR correlated significantly with baseline NT-
proBNP (rs = 0.411, P = 0.041). The absolute and percent
HR decrease correlated with the absolute NT-proBNP
decrease (rs = 0.442, P = 0.027; rs = 0.395, P = 0.05).

The greater the NT-proBNP absolute variation tertile
(Figure 1), the greater the values of the baseline HR (P =
0.023) and of the absolute HR (P = 0.028) variation. The
third tertile (NT-proBNP absolute decrease >1876 pg/mL)

had significantly greater (P < 0.05) values of the baseline
HR and its absolute and percent decrease in relation to the
other 2 tertiles. There were no changes in blood pressure.

The absolute and percent HR decrease correlated with the
patient-reported self-improvement (rs = 0.451, P = 0.024; rs
= 0.481, P = 0.015). The subgroup of patients who decreased
the NYHA class had lower values of the final HR (75.6 ± 9.7
vs 64.0 ± 8.0, P = 0.004), and greater absolute (median, 4;
IQR, 1–9 vs median, 14; IQR, 6–20; P = 0.044) and percent
(median, 5; IQR, 1.3–12% vs median, 17; IQR, 8.5–22.8; P =
0.029) HR decrease.

Discussion
The present study shows that in outpatients with systolic HF
on optimized medical therapy and resting HR >70/min, the
expected HR reduction with ivabradine addition decreases
significantly the NT-proBNP after 3 months. Moreover,
there was a direct relationship of the NT-proBNP decrease
with the HR decrease.

Elevated HR is an established marker for cardiovascular
morbidity and mortality.19–21 HR reduction with β-
blockers22,23 or with ivabradine13 improves left ventricle
performance and has a positive left ventricle remodeling
effect, reducing the risk of hospitalization and improving
survival.

In the HF rat model, 90 days of ivabradine therapy
reduces the left ventricle collagen accumulation and
the left ventricle end-systolic volume (LVESV), which
is preserved even after ivabradine discontinuation.24

Possibly, the long-term HR reduction might modify
intrinsic myocardial structure contributing to a positive left
ventricle remodeling. Ivabradine, by reducing resting HR,
improves event-free survival in patients with HF with or
without adequate β-blockage,13 along with reverse cardiac
remodeling,16 improved quality of life,14 and improved
exercise tolerance.15 In the BEAUTIFUL (MorBidity-
mortality EvAlUaTion of the If inhibitor ivabradine in
patients with coronary disease and left ventricULar
dysfunction) Echo substudy,17 including a subgroup of
patients with left ventricle systolic dysfunction, there was a
reduction of the LVESV (and not the end-diastolic volume)
with no changes in the NT-proBNP levels. This could be
related to the prolonged diastolic filling without reduction of
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Figure 1. Shown are 95% confidence intervals (CI) for the baseline
(P = 0.023), absolute (P = 0.028), and percent (P = 0.064) heart rate
(HR) variation by the N-terminal pro-brain natriuretic peptide
(NT-proBNP) absolute decrease tertiles.

the diastolic volume, which would contribute to increase the
wall stress with consequent production of NT-proBNP. On
the contrary, in the SHIFT echocardiography substudy16

including patients with left ventricle systolic dysfunction
and HF, there was a significant decrease on both systolic
and diastolic volumes with improvement of the ejection
fraction. This positive remodeling could be associated with

the observed reduction of the collagen matrix in the animal
model. One would expect in this clinical context a decrease
of the NT-proBNP with ivabradine HR reduction therapy in
patients with systolic HF, although ivabradine will not impact
blood pressure or fluid overload significantly. NT-proBNP
results (in the Echo/BNP substudy of SHIFT, N = 611,
unpublished data) did not reach statistical significance25;
however, in the subgroups of patients with nonischemic
HF, reduction of BNP levels reached statistical significance
in favor of ivabradine, as well in patients not taking at least
half of the target dose of β-blockers.25

NT-proBNP is the inactive split product of the B-type
natriuretic peptide. It is a marker for the presence of left
ventricle systolic dysfunction and a prognostic marker for
morbidity and mortality in HF.26 NT-proBNP levels often
decline after initiation and uptitration of HF therapy such
as vasodilators and aldosterone blockers.8–10 Persistently
elevated (or rising) levels of NT-proBNP are predictive of
poor outcome.12 Several factors may influence the effect of
drugs on the NT-proBNP values: the baseline value, severity
of HF, and age.8

Our cohort of patients includes ambulatory patients with
left ventricle systolic dysfunction and severe chronic HF as
expressed by NYHA class (56% class III), the NT-proBNP
baseline values, and high dosage of diuretics. It includes
a great proportion of patients on β-blocker therapy (88%);
however, only 45% achieved 50% of the target dose, which
is a little lower than in the SHIFT trial.4 To decrease the
NT-proBNP biological variability, there was a running-out
period of 1 month to establish the neurohormonal variability
during clinical stability. The clinical stability was defined as
no weight change (<2 kg), same NYHA class, and no
diuretics dosage change. Only patients with NT-proBNP
variation <30% were admitted to the study. There is no
universal value for the intraindividual variation of NT-
proBNP; nevertheless, it should be approximately 30%, with
a change >23% likely to indicate significant change beyond
background variation.27,28 The median increase rate of the
NT-proBNP during the first month on no new therapy
(run in) was 20%, which is within the accepted range of
the study. On the other hand, NT-proBNP variation was
in the opposite direction after ivabradine addition. After 3
months of therapy with ivabradine, there was a median 44.5%
decrease rate of the NT-proBNP along with a significant
clinical improvement (40% improved the NYHA class and
56% the patient-reported self-assessment). Moreover, 1
patient decreases the furosemide dosage and 2 stopped
metolazone. This opposite directional variation of the NT-
proBNP during the running out period and the succeeding
3 months (on ivabradine), along with a completely different
variation rate (20% increase vs 44.5% decrease) almost rules
out NT-proBNP spontaneous variability. The HR absolute
decrease was similar to the 1-year HR decrease of the
SHIFT trial.4 The impact on the NYHA class was far
greater than the 28% reported in SHIFT4; however, the
patient-reported improvement was lower. These findings
were influenced by the open-label nature of the present
study.

Baseline HR was significantly associated with the baseline
NT-proBNP values. Moreover, the greater the tertile of the
NT-proBNP decrease the greater the values of the baseline
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HR and its variation. The NT-proBNP decrease during the
study was associated with HR variation. The patients with a
possible worst prognosis and higher values of the baseline
HR and NT-proBNP would benefit the most with ivabradine,
as they would have greater HR and NT-proBNP reductions.
Moreover, the HR and NT-proBNP variation rates were
not dependent on the achieved β-blocker dose, despite
having similar baseline HR and NT-proBNP values. The
magnitude of the HR reduction by β-blocker plus ivabradine
primarily determines subsequent effect on outcomes.29 The
main mechanism for the clinical benefit and NT-proBNP
decrease, in the present study, was also HR reduction by
ivabradine.

Thus, clinically stable outpatients with systolic HF on
optimized medical therapy still with sinus HR >70 bpm,
independent of the achieved β-blocker dose, may benefit
with ivabradine therapy, as there is a significant decrease
of NT-proBNP with its addition. Despite clinical stability,
sinus HR>70 bpm might be a significant sign that the
antiadrenergic treatment is not entirely successful, and
more treatment is necessary. Ivabradine could be the
answer.

Study Limitations

Limitations of our study are many and include the relatively
small yet well-controlled high-risk population performed
at a HF clinic in a tertiary teaching hospital. It is a
single-center trial, which limits generalization but allows
stronger trial control and adherence to study protocol.
It is an open-label interventional study without a placebo
control, using the patients as their own controls. The
only clinical outcome was the NYHA functional class,
which presents a great limitation as it is an open-label,
nonrandomized, nonblinded study and is without a placebo
group. Nevertheless, the NYHA class and the clinical status
variation would facilitate a link between the study’s main
objective and the patients’ clinical status. Iabradine is already
a recognized therapy in systolic HF and is recommended by
the HF guidelines.6 Therefore, it would not be ethnical as a
placebo-controlled trial.

Conclusion
Our observations suggest that in outpatients with systolic
HF, on optimized medical therapy and persistent resting
HR >70/min, the NT-proBNP reduction obtained with the
ivabradine short-term treatment associates closely with the
grade of resting HR reduction.
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