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sion: Ivabradine can be used to successfully treat postoperative JET in cases
of refractory to other antiarrhythmic drugs like Digoxin and Amiodarone.

1. Introduction

Junctional ectopic tachycardia (JET) is the commonest rhythm disturbance fol-
lowing surgery for congenital heart disease [1] and is usually self-limiting [2].
Control of heart rate or conversion to sinus rhythm is of paramount importance
but is often challenging and may require more than one antiarrhythmic drug for
its treatment [3] [4]. JET focus ablation or atrioventricular (AV) node ablation
along with permanent pacemaker implantation (PPI) has been reported but with
a significant risk of AV node block [3].
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Ivabradine is a new rate-controlling drug used as a selective antagonist of the
I,current and produces substantial reduction in the rate of spontaneous action
potential firing in sinoatrial node cells [5] (at concentrations that have no effect
on other ionic currents, in particular T and L type calcium currents and de-
layed-rectifier potassium current).

We sought to assess if ivabradine could successfully control heart rate in a
child with refractory JET. The successful treatment of our patient with oral iva-
bradine provides a new therapeutic option, having its action on AV node along
with SA node, its uncommon use in postoperative pediatric cardiac surgical pa-

tients without any side effects.

2. Case Report

Al4 year old girl weighing 38 kg diagnosed with Tetralogy of Fallot (TOF) with
Normal Sinus Rhythm (NSR) (Figure 1) underwent intracardiac repair. Ventri-
cular septal defect was closed using dacron patch, infundibular resection was
performed and trans annular patch repair was done with autologous pericar-
dium. She was received in the intensive care unit (ICU) with dobutamine 5
mcg/kg/min and sodium nitroprusside 0.5 mcg/kg/min with stable hemody-
namics. After 4 hours she developed JET with a heart rate of 150 beats/min
(Figure 2). She was afebrile, her blood pressure remained normal, she did not
show any sign of low cardiac output (LCO) and her serum potassium was at 3.3
meq/L. Transthoracic echocardiography (TTE) revealed moderate right ventri-
cular (RV) dysfunction, no residual VSD, no gradient across RV outflow tract,
no tricuspid regurgitation, mild pulmonary regurgitation and normal left ven-
tricular contractility. Dobutamine dose was increased to 10 mcg/kg/min. Serum

potassium and hypovolemia were corrected and magnesium sulfate 20 mg/kg

Figure 1. Preoperative electrocardiogram showing normal sinus rhythm.
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Figure 2. Postoperative electrocardiogram showing Junctional Ectopic Tachycardia.

slow iv bolus was given over 20 minutes. But JET continued at a rate of 150 -
170/min. Intravenous digoxin was given at 5 mcg/kg slow iv bolus and repeated
twice at two hourly intervals as per our ICU protocol. When digoxin after 3 dos-
es was unable to control the heart rate, amiodarone was administered as 5 mg/kg
as slow iv bolus followed by infusion at a rate of 10 mcg/kg/min. Amiodarone
infusion for 24 hours did not able to settle either rhythm or tachycardia. Hence
ivabradine was given enterally through nasogastric tube at a dose of 0.05
mg/kg/12 hourly. About three hours after the 1* dose, heart rate dropped to 80
beats/min and the rhythm of JET reverted back to normal sinus rhythm (NSR)
(Figure 3). Ivabradine was continued at a dose of 2 mg twice daily. The hemo-
dynamic parameters remained stable and further TTE after 24 hours of NSR
showed normal biventricular function and the child was weaned off the ventila-
tor. The inotropes were tapered gradually from postoperative day 2 and the child
was discharged from ICU with ivabradine 2 mg, furosemide 10 mg and enalapril
1.25 mg/orally/twice daily. There was no reversal to JET rhythm in follow up
electrocardiogram (ECG) monitoring during the hospital stay, and the child was
discharged home with NSR on 12" POD.

3. Discussion

JET is a common postoperative rhythm disturbance in patients of TOF repair [1]
and is usually self-limiting [2]. The mechanism of the JET is thought to be ab-
normal automaticity arising from the region of the atrioventricular junction.
Excessive traction on the conduction bundle near the AV node during surgery is
responsible for postoperative JET. Risk factors such as dyselectrolytemia, hyper-
thermia, prolonged cardiopulmonary bypass (CPB) time, and high inotropic
score also contribute to postoperative JET [1] [6]-[11]. Borgman KY et al. iden-
tified that postoperative JET is also caused due to angiotensin-converting en-

zyme insertion/deletion polymorphism [12]. These infants had a higher risk for
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Figure 3. Elctrocardiogram showing revertion of Junctional Ectopic Tachycardia back to
normal sinus rhythm after oral Ivabradine therapy.

incessant tachycardia and a fatal outcome [3]. Tachyarrhythmia leading to myo-
cardial dysfunction and vice versa is true in these scenarios. So control of heart
rate and reverting to sinus rhythm are of paramount importance, often chal-
lenging and require more than one antiarrhythmic drug, with amiodarone being
used most frequently [3] [4]. A combination of medical therapy and electrophy-
siological study aiming for JET focus elimination by atrioventricular nodal abla-
tion and PPI has been reported in resistant cases [3]. However, the risk of AV
block is significant, with studies reporting the incidence as high as 18% [3]. Al-
though the management of JET has improved in recent years, it remains a sig-
nificant challenge, particularly in younger patients.

Our patient underwent intracardiac repair for TOF. She developed JET in the
ICU, which could be attributable to a major infundibular resection and post-
operative moderate RV dysfunction as demonstrated by echocardiography. This
JET was persistent despite the routine measures to normalize the internal bio-
chemical milieu and treatment with regular antiarrhythmics like digoxin and
amiodarone as per our ICU protocol. And also we stepped up the dobutamine
infusion to support the RV, but when all these measures failed to control JET, we
started Ivabradine enterally and dramatically the rate and rhythm came under
control after the 1* dose and then RV function improved by next TTE.

There are several mechanisms by which a low or reduced heart rate could be
of benefit. Myocardial ischemia occurs when coronary perfusion is insufficient
to satisfy myocardial oxygen demand and heart rate is an important determinant
of myocardial oxygen demand. A reduction in heart rate will increase the dura-
tion of diastole relative to cardiac cycle length, thus allowing more time for ef-
fective left ventricular perfusion. In this way, a reduction in heart rate should
improve both aspects of myocardial oxygen balance.

Therefore, drugs that reduce heart rate should be of benefit in the postopera-
tive tachyarrhythmia situations. However, current heart rate-reducing drugs like

amiodarone, digoxin, etc. are non-specific and have actions on the cardiovascu-
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lar and other systems, which both complicate the interpretation of the effects of
heart rate lowering, and may be harmful. More specific heart rate lowering
agents without having many side effects and drug interactions could, therefore,
be of interest.

Ivabradine is a new, pure rate-lowering drug that acts by inhibiting the cardiac
pacemaker I, (funny) current channels underlying the normal pacemaker func-
tion of the sinus node [13]. These pacemaker currents are also present in the AV
node and His-Purkinje cells of the cardiac conduction system, as well as in im-
mature ventricular myocardium. I, current is a sodium-potassium inward cur-
rent, and flows through channels made up of tetramers of hyperpolariza-
tion-activated cyclic nucleotide (HCN) channel proteins causing depolarization
of myocardium during diastole as a result of which spontaneous activity in si-
noatrial myocytes is reduced [14] [15] [16]. Four distinct isoforms of these
channel proteins have been cloned, with HCN4 being the predominant isoform
in the sinus node. A related channel, HCN3 has increased expression in the AV
node (5.5 fold greater than ventricular myocardium) based on a mouse reporter
gene model [17]. Ivabradine acts within the pore of the channel, entering from
the cytoplasmic side when the channel is open, and thus demonstrating use de-
pendence.

Ivabradine was approved by the European Medicines Agency in 2005. Ivabra-
dine has been used in adult patients to reduce the heart rate alone in sinus ta-
chycardia in the treatment of stable angina and heart failure [18] [19] [20] [21]
[22] [23]. Ivabradine also decreases the ventricular rate in patients with atrial fi-
brillation by means of rate dependent slowing of conduction without causing
myocardial depression [24]. Verrier RL et al proposed ventricular rate control in
patients with atrial fibrillation without myocardial depression when Ivabradine
and Ranolazine were used combinedly [25]. Bohora S et a/ reported to success-
fully treat a focal left atrial tachycardia using ivabradine in a dose of 2.5 mg twice
daily in a 15-year-old child [26].

In a randomized controlled trial by Nguyen LS et a/ on 19 postoperative co-
ronary artery bypass graft surgery patients with LCO with dobutamine induced
sinus tachycardia, intravenous ivabradine administered as loading dose of 10mg
over 10 min, followed by 10 mg over 24 hours lead to effective control of heart
rate, stroke volume and cardiac index [27]. Al-Ghamdi S et al. reported success-
ful treatment of congenital JET in a 2 years old child using ivabradine at a dose
of 2.5 mg once daily [28]. Dieks JK ef al. proposed a protocol for the successful
treatment of congenital JET in 5 patients using ivabradine as an additional drug
in a mean dosage of 0.22 mg/kg/day along with amiodarone, propranolol, flecai-
nide and digoxin [29]. Kumar V et a/. reported a successful reversal of postoper-
ative refractory JET to normal sinus rhythm in 2 postoperative congenital car-
diac surgical patients treated with ivabradine at a dose of 0.1 mg/kg/day twice
daily [30].

In an uncontrolled study in 14 patients needing cardiac electrophysiological

investigation or catheter radiofrequency ablation for supraventricular arrhyth-
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mia, but with normal electrophysiology at study baseline, a single intravenous
administration of ivabradine (0.2 mg/kg corresponding to approximately 10 mg
twice daily orally) reduced resting heart rate by approximately 14 bpm, but did
not induce any change in major electrophysiological parameters other than
those related to heart rate [31].

In a randomized, placebo-controlled study in 44 patients with left ventricular
dysfunction, a single intravenous infusion of ivabradine 0.2 - 0.3 mg/kg reduced
resting heart rate by over 17%, but did not alter left ventricular ejection fraction,
fractional shortening or stroke volume as determined by echocardiography [32].
The absence of effects on myocardial contractility and cardiac electrophysiology
is attributable to the lack of effect of ivabradine on cardiac ion currents other
than the I, and demonstrate that pure heart rate lowering can be achieved as a
result of specific and selective I, current inhibition.

According to the electrophysiologic properties of ivabradine, the purpose of
reporting this case review was to assess the efficacy and safety of ivabradine as an
adjunctive agent in treating postoperative JET in children. Because pharmaco-
logic treatment with various antiarrhythmic medications often fail to treat JET
effectively, timely and catheter ablation carries a high risk of AV block, we used
ivabradine as a novel adjunctive therapy to treat junctional tachyarrhythmias in
post cardiac surgery children. Adding ivabradine to a combination of antiarr-
hythmic agents in our patient resulted in conversion to sinus rhythm.

Our protocol for treating JET in postoperative pediatric cardiac surgery is:

1) Controlling the core temperature to normal in case of fever (due to post
CPB inflammation, LCO or infection).

2) Correcting serum electrolytes, particularly potassium and supplementing
magnesium (to prevent subclinical hypomagnesemia).

3) Treating myocardial dysfunction/heart failure/LCO with the use of ino-
tropes and inodilators at judicious doses while maintaining the mean arterial
pressures appropriate for the age.

4) Maintaining euvolemic status (preload) of the patient.

5) Then digoxin for rate control, at a dose of 5 mcg/kg/min as slow infusion
over 30 min followed by 2 more doses at 2 hourly intervals.

6) If the rate is not controlled by digoxin, we use amiodarone at a dose of 5
mcg/kg/slow iv bolus over 20 minutes and followed by 10 mcg/kg/min infusion
for 24 hours postoperatively.

7) Recently we started using ivabradine in those children who become refrac-
tory to the other drugs and measures, with good success and quicker control of
heart rate and rhythm.

Safety of Ivabradine:

As per SHIFT trial, both oral and intravenous ivabradine administration are as-
sociated with the incidence of supraventricular arrhythmias and also bradyarr-
hythmias that respond to standard antiarrhythmic measures and stopping iva-
bradine [33].
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4. Conclusion

Ivabradine was a new addition to the antiarrhythmic drugs armamentarium in
treating junctional tachyarrhythmias postoperatively in children undergoing
intracardiac repair. Because ivabradine is a selective I,inhibitor, one may infer
that it is a more targeted therapy than the multichannel blocker amiodarone.
However, there is no scientific evidence for this assumption, so a randomized
trial is necessary to quantify and compare the efficacy of these drugs for the
treatment of this specific arrhythmia. It would be worthwhile to determine
whether ivabradine could potentially be the preferred first-line therapy in child-
ren with postoperative JET. RCT needs to be done in a large study population.

Consent

An informed consent was obtained from the child’s parents for publication of

this case report.
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