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Abstract

Aims Ivabradine is a selective sinus node inhibitor indicated in patients with symptomatic chronic heart failure on stable
guideline-recommended heart failure therapy including appropriate doses of beta-blockers. The use in cardiogenic shock re-
mains off label and has been considered a contraindication due to the theoretical risk of attenuating compensatory tachycar-
dia. Tachycardia, especially in the context of inotropic therapy, may be deleterious, resulting in increased myocardial oxygen
consumption and reduction in diastolic filling. As ivabradine does not have negative inotropic action, it may present a potential
means to manage tachycardia in cardiogenic shock. We present a case series of four patients with cardiogenic shock started on
ivabradine who were unable to tolerate beta-blockers.
Methods and results Five patients identified with cardiogenic shock defined as a severe reduction in cardiac index
(<2.0 L/min/m2) and elevated filling pressures on inotropic therapy were started on ivabradine in patients with sinus tachy-
cardia [heart rate (HR) >100] who were intolerant to beta-blockers. Each patient had a cardiac magnetic resonance imaging,
echocardiogram, and coronary angiogram for determination of aetiology. Invasive haemodynamics via pulmonary artery
catheterization were measured during initiation and titration of ivabradine (baseline, 6, 12, 24, and 48 h after ivabradine
administration) with continuous telemetry monitoring for any dysrhythmia or bradyarrhythmias. All patients tolerated
ivabradine initiation, and at 24 h, an observed decrease in HR (106 ± 6.8 vs. 91.6 ± 6.4 b.p.m., P = 0.04), pulmonary arterial
occlusion pressure (30.4 ± 4.8 vs. 24 ± 5.1 mmHg, P = 0.04), and right atrial pressure (16.8 ± 6.2 vs. 9 ± 4.3 mmHg,
P = 0.0002). An improvement was observed in mixed venous oxygen saturation (SvO2) (51 ± 8.8 vs. 64.8 ± 5.3%,
P < 0.04), stroke volume (37.2 ± 7.6 vs. 49.2 ± 12.9 mL, P < 0.04), and right and left ventricular stroke work index (Table 1).
No significant changes were observed with mean arterial pressure (73.4 ± 7.5 vs. 75.8 ± 5.0 mmHg, P = 0.81) and
thermodilution-derived cardiac index (1.7 ± 0.2 vs. 2.5 ± 0.7 L/min/m2, P = 0.58). Inotropic support was weaned successfully
in three of five patients (88 ± 30 h) with subsequent titration of beta-blocker therapy. Two patients improved clinically but
ultimately required left ventricular assist device implantation. All patients were discharged alive from hospital at 17 ± 7.9 days
following ivabradine initiation.
Conclusions In our small non-randomized series of patients in cardiogenic shock, ivabradine was safely used to reduce HR in
patients previously intolerant of beta-blockade. There are limited data surrounding the use of ivabradine in cardiogenic shock,
and future studies should be undertaken to determine the optimal HR in humans with cardiogenic shock and whether system-
atic limitation of peak HR may improve outcomes.
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Introduction

Cardiogenic shock (CS) is a medical emergency characterized
by decreased cardiac output and evidence of inadequate
tissue perfusion taken in the presence of adequate cardiac

filling pressures. Cardiogenic shock is frequently accompanied
by tachycardia and commonly thought to be compensatory in
nature. In the presence of cardiac ischaemia and/or structural
heart disease, increasing heart rate (HR) leads to increased
myocardial oxygen consumption demand and may result in
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cardiac ischaemia and reduced contractility. However, cur-
rently used therapies (rate-limiting calcium channel blockers
and beta-blockers) directly depress inotropy.1

Pressor therapy, administered to restore tissue perfusion
pressure, may further drive tachycardia and contribute to
clinical deterioration.

Ivabradine competitively blocks the IKf channel (located
only in the sinoatrial node) to reduce sinus HR through decel-
eration of the gradient of cellular diastolic depolarization
without depressing myocardial contractility.2 We report out-
comes associated with the use of ivabradine to treat sinus
tachycardia in a series of patients with CS confirmed by hae-
modynamic monitoring.2

Aims

We aim to evaluate the safety and tolerability of ivabradine
for HR reduction in CS and whether limitation of peak HR
may improve outcomes.

Methods

Five patients (four non-ischaemic and one ischaemic) with
severe left ventricular (LV) dysfunction, CS, and sinus tachy-
cardia were invasively monitored during treatment with
inotropic and/or vasopressor therapy. Haemodynamic values
and mixed venous gases were obtained at baseline, 12, 24,
and 48 h.

Results

All patients tolerated ivabradine (Table 1) during the 48 h
period. At 24 h after initiation (vs. baseline), we observed a
reduction in HR (91.6 ± 6.4 vs. 106 ± 6.8 b.p.m., P = 0.04),
pulmonary arterial occlusion pressure (24 ± 5 vs. 30 ± 4mmHg,
P = 0.04), and right atrial pressure (9 ± 4.3 vs. 17 ± 6 mmHg,
P = 0.0002). An increase was observed in mixed venous
oxygen saturation (SvO2) (65 ± 5 vs. 51 ± 9%, P < 0.04),
stroke volume (vs. 37 ± 8 mL vs. 49 ± 13 mL, P < 0.04), and
right and LV stroke work index (Table 1). No significant
changes were observed with mean arterial pressure or
thermodilution-derived cardiac index. Inotropic support was
weaned successfully in all five patients (88 ± 30 h) with subse-
quent initiation of beta-blocker therapy. All patients were
discharged alive from hospital at 17 ± 7.9 days following
ivabradine initiation.

Discussion

Cardiogenic shock is frequently accompanied by tachycardia
thought to be compensatory for maintenance of cardiac
output, despite the attendant increasing oxygen costs of
work. This is thought to occur via two mechanisms: first,
increased frequency of contraction (presumably at similar
contractility) leading to a linear increase in cardiac output
and, second, through an often-overlooked phenomenon,
the Bowditch–Treppe effect.3 This term describes the in-
creased force of contraction that accompanies increased fre-
quency of muscle depolarization. While this phenomenon
describes the physiology in normal muscle, the opposite ef-
fect has been shown to occur in failing myocardium, where
contractility may fall above HRs above 80–100 b.p.m. Early
data were predominately derived via animal models; how-
ever, more recently, ex vivo and in vivo human data support
an abnormal Bowditch–Treppe effect in humans with
systolic LV dysfunction and increased rates of right ventricu-
lar pacing, worsening cardiac performance despite a 75%
increase in HR.3,4

There is an abundance of evidence regarding HR reduction
in chronic heart failure with beta-blockers, which demon-
strate short-term reduction followed by a longer-term
improvement in myocardial performance.5 A case series of
patients with severe LV dysfunction (n = 10) with pulmonary
capillary wedge pressure ≥15 mmHg and sinus tachycardia
experienced a 27% reduction in HR without any adverse
effects following intravenous ivabradine.6 Similarly, Porcile
et al.7 reported on 52 patients with decompensated heart
failure (but not in shock) and sinus tachycardia during treat-
ment with dobutamine reported a significant decrease in
HR in association with increased stroke volume and without
deleterious effects on CO or mean arterial pressure. In each
of these studies, stroke volume rose in association with HR
reduction as in our series. Indeed, our patients, in clinical
and haemodynamic CS, were able to improve stroke volume,
belying the notion of a ‘fixed’ stroke volume in the setting of
sinus tachycardia. These benefits may be due to partial
reversal of a negative force-frequency effect in the setting
of severe LV systolic dysfunction, possibly in combination
with a more favourable oxygen cost of myocardial work.

Ivabradine is well tolerated with a favourable side effect
profile, which includes fatigue, symptomatic bradycardia,
phosphenes, and a small increase in risk of atrial fibrillation
but does not include negative contractility.6 We observed
no adverse events related to ivabradine in our case series
with up to 1 year of follow-up. Although there are no
randomized studies evaluating the use of ivabradine in CS,
one prospective study aims to evaluate the use in patients
with shock and multiple organ dysfunction syndrome not
exclusive to cardiac dysfunction (NCT01186783).

In our small non-randomized series of patients in CS,
ivabradine was safely used to reduce HR in patients
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previously intolerant of beta-blockade. Future studies should
be undertaken to determine the optimal HR in humans with
CS and whether systematic limitation of peak HR may im-
prove outcomes.
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