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lvabradine Overdose in a Newborn: Precautions of
Dispensing in Infants
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Abstract

Ivabradine is currently approved to reduce heart rate in children with
chronic heart failure and dilated cardiomyopathy. Ivabradine has also
been used off-label in children to treat automatic tachyarrhythmias
such as ectopic atrial tachycardia and junctional ectopic tachycardia.
Adbverse effects of ivabradine at physiological doses as well as its tox-
icity at supra-physiological doses have rarely been reported in adults.
In children, weight-based dosing requires dilution of commercially
available ivabradine oral solution for accuracy. We describe a case
of ivabradine overdose in a newborn (treated for ectopic atrial tachy-
cardia) secondary to inaccurate dosing leading to the infant receiving
10 times more drug than prescribed. This case highlights potential
pitfalls of ivabradine prescription and preparation in children.
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Introduction

Ivabradine reduces the heart rate by inhibiting the cardiac
pacemaker current responsible for the spontaneous depolari-
zation of the sinoatrial node [1]. Ivabradine is currently indi-
cated in the treatment of heart failure and angina in adults, and
in heart failure and dilated cardiomyopathy in children [2, 3].
Recently, ivabradine has also been used in treating automatic
tachycardias such as ectopic atrial tachycardia and junctional
ectopic tachycardia [4, 5]. Ivabradine’s cardiac adverse ef-
fects include atrial fibrillation, sinus node dysfunction, atrio-
ventricular block, and bundle branch block [1]. We describe a
case of ivabradine overdose in a neonate, who was treated for
incessant ectopic atrial tachycardia. The patient inadvertently
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received 10 times the prescribed dose due to inaccurate meas-
urement of the liquid formulation of the drug. The patient also
developed sinus bradycardia with heart rate as low as 50 beats
per minute (bpm). The patient remained hemodynamically
stable. Her heart rate improved and returned to baseline 28 h
after discontinuation of ivabradine and other antiarrhythmic
agents.

Case Report

A full-term infant was found to have a narrow complex tach-
yarrhythmia at 260 bpm in the delivery room. This episode
lasted for 20 min and resolved spontaneously. The tachy-
cardia recurred 3 days later with episodes lasting between 5
and 60 min at heart rate 250 bpm suggestive of ectopic atrial
tachycardia on electrocardiogram (Fig. 1a). Adenosine was
given and revealed a unifocal ectopic atrial tachycardia. The
echocardiogram showed a structurally normal heart with low
normal left ventricle systolic function (shortening fraction
27%). The tachycardia was briefly rate controlled with esmo-
lol (Fig. 1b). When rate control was no longer achieved de-
spite high dose of esmolol, treatment first with procainamide
(50 pg/kg/min) then with amiodarone (5 mg/kg bolus and 15
mg/kg/day continuous infusion) was unsuccessful. Ivabradine
at 0.05 mg/kg/dose (0.22 mg/dose) twice a day was started
on day of life 5. After one dose of ivabradine while remain-
ing on the amiodarone infusion of 15 mg/kg/min, her heart
rate decreased to 120 bpm, and she intermittently converted
to sinus rhythm. From the second dose onward, she remained
mostly in sinus rhythm with infrequent and short episodes of
atrial tachycardia. The amiodarone was decreased to 5 mg/kg/
day. On day of life 9, she was noted to be more bradycardic 2
h following ivabradine dosing with heart rate nadir of 50 bpm
at 4 h after the dose (Fig. 2). Review of the event revealed
she had inadvertently received an ivabradine dose of 2.2 mg
(0.5 mg/kg) instead of the intended dose of 0.22 mg (0.05
mg/kg) due to dosing error. She developed sinus bradycardia
with normal PR, QRS and QT intervals for her age (Fig. 3).
Amiodarone and ivabradine were discontinued. She remained
hemodynamically stable with normal blood pressure and end
organ perfusion. Her heart rate returned to baseline after 28 h.
Subsequently, she remained in sinus rhythm with fewer epi-
sode of atrial tachycardia than at presentation. Once her heart
rate returned to baseline, flecainide was initiated, in part due
to the overdose and the potential for similar errors as an out-
patient. She remained in sinus rhythm on flecainide and was
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Figure 1. (a) Presenting rhythm on electrocardiogram. Regular narrow complex tachycardia with visible P wave and long PR
interval suggestive of ectopic atrial tachycardia. (b) Electrocardiogram on esmolol. Ectopic atrial tachycardia with variable atrio-

ventricular conduction.

discharged home on day of life 14. Flecainide was discontin-
ued at 6 months of age, and tachycardia had not recurred at
last follow-up at 1 year of age.

Discussion

Both tablet and solution formulations of ivabradine exhibit
rapid absorptive kinetics with peak plasma concentrations at
1 h post enteral administration. In the absence of food, overall
bioavailability is estimated to be 40% due to first-pass elimi-
nation post absorption in the small intestine. In infants and

children, ivabradine is administered with food to optimize the
overall plasma exposure. Ivabradine exhibits linear kinetics at
therapeutic doses relying on extensive hepatic and intestinal
metabolism via CYP3A4 with formation of a potent metabo-
lite with therapeutic equivalence to its parent compound [6].
Both the parent drug and active metabolite are eliminated via
renal and fecal excretion. CYP3A4 expression is immature af-
ter birth, reaching about 30% to 40% of adult levels by the end
of the first month of life; full maturation is not seen until 3
years of age [7]. Overall, Ivabradine’s pharmacokinetic model-
ling data are lacking in children.

There is a scarcity of literature available describing toxi-
cologic response to ivabradine in humans and none for chil-
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Figure 2. Heart rate trend after ivabradine overdose.
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Figure 3. Electrocardiogram after overdose. Sinus bradycardia. Heart rate 70 beats per minute (bpm), PR interval 87 ms, QRS

interval 59 ms, and QTc interval 454 ms.

dren. There has been a total of four cases describing ivabra-
dine toxidromes in adult patients [8-11]. The adverse effects
of overdose included severe sinus bradycardia with associated
cardiogenic shock and sinus pauses up to 11 s [8-11]. Atropine
was used in two patients whereas isoproterenol was used in
the other two. Of those who were treated with isoproterenol,
temporary transvenous pacing was needed as the heart rate rise
was inadequate [9, 11]. Adult pharmacodynamic studies sug-
gest that the heart rate lowering effect of ivabradine plateaus
at doses exceeding 40 mg/day [6]. Post-mortem serum ivabra-
dine concentration exceeded 1,000 ng/mL in the fatal overdose
[12]. Therapeutic concentrations are generally described as
approximately 10 - 50 ng/mL and previous case reports have
documented non-fatal concentrations up to 525 ng/mL [12].
Overall, toxic doses and associated serum ivabradine concen-
trations are not yet established.

In our neonate, a dose of 0.5 mg/kg, was associated with
significant bradycardia. The heart rate nadir was 4 h after the
enteral overdose as expected. She maintained adequate blood
pressure and perfusion despite her low heart rate and did not
require intervention after discontinuation of the ivabradine and
amiodarone. Her heart rate started returned to baseline 28 h
after the dose. Interestingly, this high dose was more effective
at suppressing the ectopic tachycardia suggesting a dose re-
sponse relationship previously described in children with heart
failure and sinus tachycardia [3]. Pharmacokinetic modeling
data indicate that the total clearance increases with increasing
age suggesting children must be administered a higher weight-
normalized dose to achieve comparable systemic exposure to
adults [13]. This phenomenon may explain suppression of ec-
topic tachycardia at higher dose in this case.

The patient was also on amiodarone that could have fur-
ther accentuated the bradycardia. On the other hand, ami-
odarone and ivabradine have different pharmacokinetic and
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dynamic properties. Ivabradine has previously been used
concomitantly with amiodarone to treat junctional ectopic
tachycardia at doses 0.02 to 0.1 mg/kg/day with rarely re-
ported severe adverse effects [4, 14]. In small children, pre-
cautions are needed when preparing the drug. The lowest
concentration commercially available is 1 mg/mL in a 5-mL
ampule. Due to lack of stability data from the manufacturer,
it is not appropriate to dispense patient-specific doses and
thus it falls upon the bedside to appropriately measure a
patient-specific dose while inpatient. When a patient is dis-
charged, the ampules are also dispensed, and caregivers are
required to withdraw the proper medication volume at home.
The measuring and delivery process in infants and children
are potential sources of error.
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