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Brief history of catheter abla-on 
in infants and smaller children




Brief history of catheter abla-on in infants 
and smaller children


Early	90’s	

Surgical	treatment	
<1	year:	life	threatening	arrhythmia	
>1	year:	medically	refractory	arrhythmia	
Case	et	al,	Am	J	Cardiol	1989	
Crawford	et	al,	J	Thorac	Cradiovasc	Surg	1990	

Direct	current	catheter	abla7on	
Lemery	et	al,	Circ	1992	
Perry	et	al,	Am	J	Cardiol	1992	

Percutaneous	Radiofrequency	Catheter	Abla7on	for	
supraventricular	Arrhythmias	in	Children	
Van	Hare	et	al,	JACC	1991	

Comparaison	of	catheter	abla7on	using	
radiofrequency	versus	direct	current	energy	
Huang	et	al,	JACC	1991	



Brief history of catheter abla-on in infants 
and smaller children


1992	

Radiofrequency	Catheter	Abla7on	of	Incesssant,	Medically	
Resistant	Supraventricular	Tachycardia	in	Infants	and	Small	
Children	
Case	et	al,	JACC	1992	
	
7	pts	
3.4	to	13	kg	



Brief history of catheter abla-on in infants 
and smaller children


Early	90’s	

Radiofrequency	catheter	abla7on	in	
children	and	adolescents	
Kugler	et	al,	NEJM	1994	
	
625	PaFents	/	725	procedures	
20	centers	
10%		≤	5	years	
	
	

1994	92	



Brief history of catheter abla-on in infants 
and smaller children


Early	90’s	 1997	1994	

Indica7ons	for	Radiofrequency	Abla7on	in	Pediatric	Popula7on	
Van	Hare,	JCE	1997	
	

92	

Threshold	4	years		
	



Brief history of catheter abla-on in infants 
and smaller children


Early	90’s	 1997	 1999	

Radiofrequency	catheter	abal7on	in	a	
hemodynamically	compromised	premature	
neonate	with	hydrops	fetalis	
Osborn	et	al,	J	Peadiatr	Child	Health	1999	
	
35	WG	
3.7	kg	

92	 1994	



Brief history of catheter abla-on in infants 
and smaller children


Early	90’s	 1997	 1999	 2002	

Pediatric	Radiofrequency	Catheter	Abla7on	Registry.	
Success,	Fluoroscopy	Time,	and	Complica7on	Rate	
for	Supraventricular	Tachycardia		
Kugler	et	al,	JCE	2002	
	
	

92	 1994	



Brief history of catheter abla-on in infants 
and smaller children


Early	90’s	 1997	 1999	 2002	

NASPE	Expert	Consensus	Conference	
Friedman	et	al,	PACE	2002	
	
Threshold	5	years	or	15	kg	
	
	

92	 1994	



Brief history of catheter abla-on in infants 
and smaller children


Early	90’s	 1997	 1999	 2002	

Radiofrequency	Catheter	Abla7on	of	an	
Incessant	Supraventricular	Tachycardia	in	a	
Premature	Neonate	
Brugada	et	al,	PACE	2002	
	
31	WG	
1840	g	

92	 1994	



Brief history of catheter abla-on in infants 
and smaller children


Early	90’s	 1997	 1999	 2002	

Technology	Breakthroughs	

92	 1994	



Brief history of catheter abla-on in infants 
and smaller children


Early	90’s	 1997	 1999	 2002	 2013	

EHRA	and	AEPC-Arrhythmia	Working	
Group	joint	consensus	statement	
Brugada	et	al,	EUROPACE	2013	
	
Threshold	5	years	

92	 1994	



Brief history of catheter abla-on in infants 
and smaller children


Early	90’s	 1997	 1999	 2002	

PACES/HRS	expert	consensus	
statement	on	the	use	of	catheter	
abla7on	in	children	and	pa7ents	with	
congenital	heart	disease	
Saul	et	al,	HR	2016	
	
Threshold	15	kg	

2016	92	 1994	 2013	



What’s behind those indica-ons 
for « smaller » children ?




Higher Complica-on rate 


• Higher	immediate	complicaFon	
rate	and	severity	
•  #10%	before	2000	
•  Less	nowadays	

Blaufox	et	al,	Circ.	2001	

•  4.6%	major	complicaFon/infant	
					2.9%/non	infant	(NS)	

Kugler	et	al,	JCE	2002	



Immature myocardium

•  Long-term	lesion	growth	and	
invasion	of	scar	Fssue	into	the	
surrounding	myocardium		

Saul	et	al,	Circ.	1994	

RF	 Cryo	

Khairy	et	al,	Circ	Arrhyth	Electrophysiol	2011	

•  No	significant	lesion	
growth	on	AV	groove	
with	either	energy	



Radia-on Exposure

• Risk	of	Leukaemia	X3	for	cumulaFve	
radiaFon	dose	>	30mGy	
• Risk	of	Brain	Tumor	X2	for	cumulaFve	
radiaFon	dose	>	60mGy	

Pearce	et	al,	Lancet	2012	

•  Cancer	incidence	rate	
+	24%	aber	CT	scan	
exposure	(4.5	mSv)	
Mathews	et	al,	BMJ	2012	



Heart Dimension and 
limited vascular access

•  Triangle	of	Koch	
• Proximity	Coronary	A/Endocardium	
• Vascular	adverse	event/pediatric	
cardiac	catheterizaFon	(3.8%)	
limited	number	of	catheter	
limited	RF	applicaFon	

		
	

15	Kg	

Goldberg	et	al,	Am	J	Cardiology.	1999	

Al	Ammouri.	Am	J	Cardiol	2006	
mm	



What is a « smaller » 
children ?




< 4 years old ?
 4	years	(11	to	24	kg)	



< 5 years old ?
 5	years		
(12	to	27	kg)	



< 15 kg ?


•  from	18	months	to…	
• mean:	3.5	years	



Age maMers…


• Heart	residual	growth	

• Natural	history	of	arrythmia	
•  40%	of	AP	will	involute	
•  78%	of	AET	regression	if	
diagnosed	before	3	years	old	

90%	

50%	



CA Indica-ons




JCE,	1997	



PACE,	2002	

PACE,	2002	



• Class	I	

• Class	IIa	

•  Class	IIb	

Europace,	2013	



HR,	2016	

<	15	Kg	



Over 25 years indica-ons didn’t 
change much…




•  Life	threatening	arrhythmia	
•  Ventricular	dysfuncFon	
•  Aborted	cardiac	arrest	or	high	risk	of	
cardiac	arrest	

•  Faillure	of	medical	therapy		
•  Not	effecFve	
•  Intolerable	side	effect	

• Restric7on	of	access	
•  Vascular	or	to	chamber	
•  To	medical	care…	

	
Young	et	al.	Circ	J	2006	

Kantoch	et	al.	Can	J	Cardiol	2011	



What is drug refractoriness ?


•  Failure	of	≥	4	medicaFon	
• Unresponsiveness	to	
amiodarone	
• Amiodarone	or	Sotalol	not	
effecFve	
• Class	I	and	III	AA	medicaFon	not	
effecFve	
• Medical	Therapy	not	effecFve	

Erikson	et	al,	Am	J	Cardiol	1994	

Van	Hare	et	al,	JCE	1997	

Friedman	et	al,	PACE	2002	

Brugada	et	al,	EUROPACE	2013	

Saul	et	al,	HR	2016	

Hernandez-Madrid	et	al,	EUROPACE	2014	



Prenatal			
fluler	
		

Maternal	lt	
flecaine	
digoxine	
propranolol	

not	reduced		
at	birth	

cardioversion	

D1	

AVRT	

Amiodarone	

D2	 D3	

Acebutolol	

AVRT	AVRT	 AVRT	

D9	

Digoxine	

D10	

Amiodarone	

AVRT	 AVRT	

D13	

Propranolol	

D15	

Nadolol	
All	drugs	stop	at	
1	year	old	
No	recurrence		

Baby	boy	born	38	WG,	3140	g,	no	LV	dysfuncFon,	PFO	





Prenatal			
fluler	
		

Maternal	lt	
flecaine	
digoxine	
propranolol	

not	reduced		
at	birth	

cardioversion	

D1	

AVRT	

Amiodarone	

D2	 D3	

Acebutolol	

AVRT	AVRT	 AVRT	

D9	

Digoxine	

D10	

Amiodarone	

AVRT	 AVRT	

D13	

Propranolol	

D15	

Nadolol	
All	drugs	stop	at	
1	year	old	
No	recurrence		

?	 ?	?	 ?	 ?	 ?	

When	would	you	do	the	ablaFon	?		



Conclusion




Standardized management is impossible


Age	
Weight	
Substrat	

Associated	CHD	
Natural	history		

Prior	medical	therapy	
Parental	preference	

Local	experience	
Caregivers	preference	

Persnnal	definiFon	of	a	smaller	
children	

	
	
	
	Long	term	follow	up	

Registery	
	 	 		
	 	 	 	 	 		





Beyond	those	indicaFons	for	infants	and	smaller	
children,	should	catheter	ablaFon	be	rouFnely	performe	
for	the	so	called	larger	kids	?	

	 	 		
	 	 	 	 	 		


