
Rhythmologie
To Pace or not to Pace?

Jan Till
Royal Brompton

London



Why might we think about pacing a child or 
young person?

• AV block

• Sinus node disease

• Advanced heart failure

 Congenital or acquired
 Structurally normal heart
 CHD +/- surgery

• Neuromuscular disease 

• Myotonic muscular dystrophy

• Kearns Sayre syndrome

• Erb dystrophy (limb girdle) peroneal 
muscular atrophy

• Progressive conduction disorders

• RAS/neurocardiogenic syncope

• Long QT

• Congenital hypoventilation syndrome



Congenital Complete AV Block

Preterm neonate 2.1 Kg

Age 2 yrs

Age 8 yrs



Challenges of pacing children



Long term consequences
of pacing early

Risk of condition
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Level of evidence

A data derived available from multiple randomised trials or meta-
analyses

B data derived from single randomised clinical trial or large non 
randomised studies

C consensus of opinion of experts and/or data derived from small 
studies retrospective studies or registries





Disorders of AV Conduction
Complete congenital atrioventricular block

• Class I • Complete congenital atrioventricular block in a newborn or 
an infant with a ventricular rate < 55 bpm or with CHD and a 
ventricular rate <70 bpm (C)

• Complete congenital atrioventricular block with a wide 
complex escape rhythm, complex ventricular ectopy, or 
ventricular dysfunction (B)

• Complete congenital atrioventricular block beyond first year 
of life with an average heart rate <50 bpm, abrupt pauses in 
ventricular rate 2-3x basic cycle length or associated with 
symptoms of chronotropic incompetence (B)



Newborn ECG
Heart rate 35 bpm



Newborn with Complete AV Block



One year old
Congenital Complete AV Block







To pace or not to pace?



Disorders of AV Conduction
Complete congenital atrioventricular block

• Class II • Complete congenital atrioventricular block in 
asymptomatic children or adolescents with 
an acceptable rate, a narrow QRS complex 
and normal ventricular function (C)











Asymptomatic
10 year old
Congenital AV Block 



Asymptomatic 11 year old
Congenital AV Block



Circulation 1995



Symptomatic 12 year old
AV block diagnosed aged 4yrs



Non surgical atrioventricular block

• Class 1 • Advanced second or third degree AV block associated 
with symptomatic bradycardia, ventricular dysfunction 
or low cardiac output (C)







Post surgery



Post operative atrioventricular block

• Class 1

• Class IIb

• Post operative advanced second or third degree AV block 
not expected to resolve or persisting at least 7 days after 
cardiac surgery (B)

• Transient post operative third degree AV block with 
residual bifascicular block (C)





Implant post surgery
Infant

12 years

Age 8 years

Age 10 years



Others:
Neuromuscular disease associated with AV conduction disease 
eg myotonic muscular dystrophy, Kearns Sayre syndrome, Erb
dystrophy (limb girdle) peroneal muscular atrophy

• Class 1

• Class IIb

• Third degree or advanced 
second degree AV block with or 
without symptoms (B)

• Any degree of AV block, because 
the progression of the 
conduction disease may be 
unpredictable (B)









Non-sense mutation in NKX 2-5





Aetiology of sinus node disorders

“Idiopathic”

Genetic
• SCN5A
• HCN4
• RYR2
• CASQ2
• Lamin A/C
• Ankyrin B
• Caveolin 3
• PRKAG2
• LQT
• NKX 2-5

Congenital Heart Disease 
• Pre surgery

• Left atrial isomerism
• Left juxtaposition of atrial appendages
• Ebstein

• Post surgery
• Ebstein
• Mustard/Senning
• Fontan /tCPC
• Sinus venosus ASD
• Arterial switch
• Tetralogy of Fallot
• Sinus venosus ASD



Sinus Node Dysfunction
• Class 1

• Class IIa

• Class IIb

• Sinus node dysfunction with correlation of symptoms during age-
inappropriate bradycardia (B)

• Asymptomatic sinus bradycardia in children and CHD with resting 
rate < 40 bpm or pauses in ventricular rate > 3 s (C)

• Sinus node dysfunction with intra-atrial reentrant tachycardia 
with the need for antiarrhythmic drugs when other therapeutic 
options, such as catheter ablation, are not possible (C)

• Congenital heart disease and impaired haemodynamics due to 
sinus bradycardia or loss of AV synchrony (C)

• Asymptomatic sinus bradycardia in the adolescent with CHD with 
resting rate < 40 bpm or pauses in ventricular rate > 3 s (C)





Ebstein Anomaly
Post surgery
12 years





Pre-exercise



9 year old 
TCPC



Summary

• Current guidelines are just a “guide” 
based on limited evidence and we 
need to consider many of our cases 
individually

• Indications may change as our pacing 
techniques develop as risk benefit 
ratio will change

• In CHD indications change with our 
understanding of consequences of 
surgical techniques

• Indications may change with 
understanding of genetic conditions



Atrial pacing to stabilise 
Long QT child with

recurrent VT/storm



Neurocardiogenic Syncope

• Class IIb

• Significantly symptomatic patients in 
who prolonged asystole can be 
demonstrated spontaneously or at 
tilt-table testing (C)



8 year old with Tetralogy of Fallot repair




