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Ivabradine

• Selective inhibitor of the HCN channels

• No change in inotropy, diastolic function, cardiac output, or vascular resistance

Hyperpolarization-activated 

cyclic nucleotide–gated (HCN) channels

Psotka MA et al. Circulation 2016

Slow diastolic depolarization & heart rate 



• Voltage-dependent channels activated at 

negative potentials

• Slowly depolarize the membrane toward 

the threshold required to activate 

calcium channels and generate a 

spontaneous action potential

• Expression of HCN channels is largest in 

the SA node and in the conduction 

system (AV node and Purkinje fibers), 

whereas their expression in the atria and 

ventricles is lowPsotka MA et al. Circulation 2016

Hyperpolarization-activated cyclic nucleotide–gated (HCN) channels



Prolongation phase III repolarization by Ivabradine

• Prolongs action potential duration and blocks the hERG (KCNH2) current

Lees-Miller JP et al. J Mol Cell Cardiol 2015



Use of Ivabradine

Koruth JS, et al. JACC 2017



SHIFT trial

• Symptomatic heart failure and a left-ventricular ejection fraction of 35% or lower, were in 

sinus rhythm with heart rate 70 beats per min or higher Class IIa (ESC 2021, AHA 2022)

Cardiovascular death or 

hospital admission for worsening HF

18% risk reduction

Hospital admission for worsening HF

26% risk reduction

Swedberg K, et al. Lancet 2010



Ivabradine for children with chronic HF

• Randomized, double-blind, placebo-controlled, phase II/III study with 12 months of follow-up

• Children with DCM, class II-IV, LVEF ≤ 45% on stable treatment for chronic HF

Bonnet D, et al. JACC 2017

≥20% reduction in heart

rate without bradycardia

or symptoms of 

bradycardia



Ivabradine in management of arrhythmia

• Atrial ectopic tachycardia

• Junctional ectopic tachycardia

• Congenital

• Postoperative

• Catecholaminergic polymorphic ventricular tachycardia

• Inappropriate sinus tachycardia in adult patients

• Atrial fibrillation in adult patients



Incessant Ivabradine-sensitive atrial tachycardia

64%

Banavalikar B et al. Cir Arrhythm Electrophysiol 2019

Response (+) within 12 h after ivabradine

• Restoration of sinus rhythm 

• Suppression of the tachycardia to <100 

beats per minute without termination

Sri Jayadeva Institute of Cardiovascular Sciences and Research, India



Banavalikar B et al. Cir Arrhythm Electrophysiol 2019



Prospective study of Ivabradine for FAT

12 patients with FAT 

resistant to other 

arrhythmic drugs

Ivabradine 0.1 mg/kg 

(7.5 mg for > 50 kg) 

every 12 h 

Ivabradine 0.2 mg/kg 

(max 10 mg) every 12 h 

Discontinue if it was 

ineffective within 48 h

(n=6, 50%)

Sinus rhythm conversion

(n=3, 25%)

Partial success

(n=3, 25%)

1 FAT breakthrough

→ Add metoprolol

Shanghai Children’s Medical Center (June 2021 to July 2022)

Xu X et al. Eur J Pediatr 2023

Partial success

• Heart rate was reduced to an age-

acceptable level 

• Tachycardia burden was reduced to < 10% 

6 incessant FAT, 6 frequent short runs of FAT 

7.5 ± 4.5 years (range, 5 months to 15 years)

Six patients (50%) with tachycardia induced cardiomyopathy 

1 RFCA 4 RFCA



Xu X et al. Eur J Pediatr 2023



FAT in children with congenital heart disease

Study population

(n=15) 

Age (months) 7 [1-18]

Weight (kg) 6.7 [3.9-8.5] 

Gender (kg) 9/15 (60%) 

Complex congenital heart disease 12/15 (80%) 

Single ventricle physiology 8/15 (54%)

Diminished systolic ventricular function 4/15 (27%) 

FAT after cardiac surgery or intervention 6/15 (40%)

Therapy indication: 

1st line 4/15 (27%)

2nd line 6/15 (40%) 

3rd line 1/15 (7%) 

Breakthrough 4/15 (27%) 

Children’s Health of Dallas (August 2020 until May 2023)
Drishti T et al. medRxiv 2023

Maximum ivabradine dose (mg/kg/dose) 0.07 [0.05-0.10] 

Monotherapy 2/15 (13%) 

Concurrent anti-arrhythmic medication

Flecainide 4/15 (27%) 

Amiodarone 4/15 (27%) 

Beta blocker 4/15 (27%) 

Digoxin 3/15 (20%) 

Dexmedetomidine 2/15 (13%)

Acute success 12/15 (80%)

Adverse events

Sinus bradycardia 5/15 (33%)

Functional bradycardia (blocked PACs) 2/15 (13%)

Response (+) 

• Complete rhythm control within 24 hours of 

initiation of ivabradine



Brugada J et al. Eur Heart J 2019



Junctional ectopic tachycardia (JET)

• Tachyarrhythmias originating in the AV node and AV junction including the 

bundle of His complex

• Congenital JET 

: increased automaticity

• Postoperative JET 

: fluid and electrolyte shifts, 

trauma, stretch, local edema, or 

ischemia in the region of the AV 

node or bundle of His complex

Kylat RI et al. J Arrhythmia 2019



Ivabradine for refractory postoperative JET

5 children in Army Hospital Research and Referral, India (Jan 2017-Dec 2017)



Ivabradine for refractory postoperative JET

5 children in Army Hospital Research and Referral, India (Jan 2017-Dec 2017)

Mean duration to achieve sinus rhythm 

31.6 ± 13.6 hours

Kumar V et al. World J Pediatr Congenit Heart Surg 2019



Ivabradine vs. Amiodraone for postoperative JET

• Randomized, parallel-design, open-label noninferiority study

Arvind B et al. JACC EP 2021

94 children in New Delhi, India (age <18 years) (Aug 2018 – Feb 2020)



Arvind B et al. JACC EP 2021



1 patients 6 patientsRecurrence Arvind B et al. JACC EP 2021



Rate control was earlier in patients with amiodarone

Arvind B et al. JACC EP 2021



Adjunctive ivabradine for congenital JET

Dieks JK et al. Heart Rhythm 20165 patients in Georg-Agust-University Hospital, Germany



Ivabradine for catecholaminergic polymorphic VT

• 20-year-old female, RyR2 hetero mutation, exertional syncope

→ Complete suppression of ventricular arrhythmia with nadolol & ivabradine

• 16-year-old boy, RyR2 hetero mutation, asymptomatic, Family Hx of SCD

→ Marked reduction in ventricular arrhythmia with nadolol, flecainide, ivabradine

Before treatment Nadolol (2.7 mg/kg/d) Nadolol + Ivabradine 5mg/d

Vaksmann G et al. PACE 2018



Caution for Ivabradine use

• Substrate of cytochrome p450 (CYP) 3A4

• In SHIFT trial, Ivabradine 89/3232 (3%) vs. placebo 17/3260 (1%) (p<0.0001)

Swedberg K et al. Lancet 2010



Atrial fibrillation & QT prolongation after Ivabradine use

Marciszek M et al. Heart Rhythm 2021



Take home message

• Ivabradine is being used off-label for the treatment of arrhythmias 

characterized by enhanced automaticity, and it has 

demonstrated promising results in a small pediatric population

• A prospective, well-designed study is required to assess the 

effectiveness of ivabradine in managing pediatric arrhythmias. This 

study should include a large number of pediatric patients to 

provide more conclusive evidence on its efficacy.



Thank you for your attention


