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What defines a clinical specialty? 

•  Distinct body of knowledge 
–  Distinct from both pediatric cardiology and adult EP 

•  Fellowship training guidelines 
–  Published 2015 

•  Board certification 
–  IBHRE Peds EP Exam 

•  Laboratory and practitioner credentialing 
–  Intersocietal Accreditation Commission (IAC) 



Sentinel events in pediatric EP 

•  Early arrhythmologists 
•  Texas Children’s Hospital as ground zero 
•  Founding of the Peds EP Society 
•  RF ablation, ablation registry, PAPCA 
•  Flutter ablation – EP and surgical 
•  Current and future trends 



Early pediatric arrhythmologists 

•  Henry Gelband and Grace Wolff, Miami 
•  Jerome Liebman, MD, Cleveland 
•  Welton Gersony and Allan Hordoff, NY 
•  Madison Spach, MD Duke 
•  David Southall, MD London 
•  Arthur Pickoff, MD New Orleans 





Drs. Guy Fontaine & Gerard Guiraudon 



•  13 month old with ASD and WPW, left sided AP at 
Greenlane Hospital, Auckland 

•  Surgical ASD closure, mapping in 1973 



Pediatric EP at Texas Children’s Hospital 

Paul Gillette from  1971- 1986 Tim Garson from 1979 - 1992 



1974-5 





Themes that brought patients to 
Houston: Tetralogy 



Themes that brought patients to Houston: 
Arrhythmia surgery 



First demonstration of atriofascicular pathway 
•  Epicardial map 
•  Atrial pacing to achieve full 

preexcitation (i.e. 100% down 
pathway) 

•  Earliest activation RV free wall, 
NOT the AV groove 

•  AV groove dissection cured 
patient anyway 

Gillette et al Am Heart J 1982;103:66 



“Gillette and Garson Course” 
Heart House, Bethesda MD  1980 - 2001 



The Palm,  
Washington DC 



…Paul got there first 

DC ablation successful in 2/4 

DC ablation successful in 2/2 infants with pacemaker  



Texas Children’s Hospital trainees 

•  Margreet Bink-Boelkens 
•  John Kugler 
•  Co-burn Porter 
•  Peter Hesslein 
•  Stan Beder 
•  Peter Karpawich 
•  Elizabeth Villain 
•  Jeff Moak 

•  William Pinsky 
•  Richard Smith 
•  Mike Silka 
•  Bert Ross 
•  Rich Friedman 
•  Jim Perry 
•  Bob Hamilton 
•  Thomas Paul 



Pediatric EP Society 
Founded 2/12/83 

•  Tim Garson 
•  Paul Gillette 
•  Grace Wolff 
•  Vicki Vetter 



Earliest PACES paper 

•  372 TGA patients who survived Mustard 
•  Only 57% in sinus rhythm by 8 years 
•  9 sudden deaths during follow-up 
•  71% survival at 15 years 



PACES Milestones 
•  Founding: Washington DC February 1983  

–  (NASPE 1979) 
•  Informal arrangements: 1983 – 1990 (Led by Grace Wolff) 
•  Yearly meeting, coincident with AHA 
•  Adoption of bylaws, allowing for election of a president and 

other officers, November 10, 1990 
•  Pediatric RF Ablation Registry, 1991 (John Kugler) 
•  Incorporation in State of Michigan as 501 (c)(3) non-profit, 

1994 



PACES Milestones (2) 

•  Pediatric representative to NASPE Program Committee, 
ca. 1995 (Vicki Vetter) 

•  Semi-annual meeting format AHA/NASPE 1998 
•  Website launched ca. 2000 (Bert Ross) 
•  Pediatric representative on HRS Board of Trustees: 2005 
•  Logo and name change 2006 
•  1st Strategic planning conference 2008 
•  2nd Strategic planning conference 2014 



PACES Strategic Goals 

•  PACES is the inclusive, credible, global representation of the 
subspecialty of pediatric electrophysiology 

•  PACES defines pediatric EP subspecialty training. 
•  PACES functions as the expert society and official resource 

for pediatric EP and the electrophysiology of CHD. 
•  PACES is the resource for clinical trials, advocacy, new 

product development, and the improvement of quality and 
safety. 



PACES Accomplishments 
•  Numerous collaborative clinical studies published, 1981-

present 
•  17 guideline documents published with PACES leadership 

or partnership 
•  Yearly satellite symposium prior to HRS meeting 
•  Young investigator awards 
•  International members 
•  Allied Professional membership and leadership 
•  Defined relationship with HRS as partner society 



PACES-led documents 

•  RF ablation in children 2001 (Friedman) 
•  Catheter ablation in children/CHD 2016 (Saul/

Kanter) 
•  Advanced training (Walsh) 
•  Arrhythmias in ACHD (Khairy) 
•  Asymptomatic WPW (Cohen) 
•  Ventricular arrhythmias (Crossen) 



Presidents of PACES 
1988	Woody	Benson 2005	John	Triedman
1989	Grace	Wolff 2007	George	Van	Hare
1990	John	Kugler 2009	Rich	Friedman
1991	Mac	Dick 2010	Phil	Saul
	1992	Ann	Dunnigan 2011	Pete	Fischbach
1993	Barbara	Deal 2012	Susan	Etheridge
1995	Jeff	Moak 2013	Charlie	Berul
1997	Bert	Ross 2014	Ian	Law
1999	Mike	Silka 2015	Kathy	Collins
2001	Ed	Walsh 2016	Shu	Sanatani
2003	Jim	Perry



Status of catheter ablation in 1988 

•  DC ablation used for posteroseptal pathways and 
for AVJ ablation in adults 

•  Most children with WPW cured by surgery 
•  RF recently available, used for AVJ ablation, not 

highly effective 
– Advantage: no need for general anesthesia 

•  Whispers of what was going on in Oklahoma City 



Pediatric Reports of DC ablation 



1st UCSF RF 
generator 

•  Microvasive Bicap 4005 neurosurgical unit producing up to 18 W 
•  Hand-wound transformer to allow voltages of ~30 V 
•  Non-deflectable 6-F catheter with 3 mm tip 
•  Telemetered voltage and current, solve for power (W = I x V) 



Radionics RFG-3C electrosurgical unit 



Successful RF ablation of JET in 10-m old 

Van Hare et al. PACE 1990;13:730 

18 Watts 18 Watts 



8/10 

10/10 

2/6 

ACC meeting, Atlanta 



JACC 17; 1991(June): 1613-20. 

Circulation 1991(Dec):84:2318-24. 

Pediatr Ann. 1991(Jul);20:386, 388-92. 



Founding of the Pediatric RF Ablation Registry 



First Registry Report 

98 procedures in 95 patients 
Success in 73/98 (74%) 

Mean procedure time 301.2 min 
Mean fluoro time 61.5 min 



Pediatric RF Ablation Registry 

•  24 centers 
•  Ages 20 days – 20.9 years 
•  725 procedures, overall success 83% 

–  Left freewall 89% success 
–  Right freewall 69% success 

•  Complication rate 4.8% with 4 late deaths 
•  CLEAR NEED FOR A FUNDED STUDY 



Application to NHLBI 
•  Inspiring talk by David Bristow (CAST) regarding 

registries Nov 1992 
•  Assigned task by Peds EP Society Nov 1992 
•  Assistance of NIH, and unfunded RFP 
•  Involvement of SRI International as Data Coordinating 

Center 
•  7/1/97 184, 17.3%ile, funded $2.4 Million 



Prospective Assessment after Pediatric 
Cardiac Ablation (PAPCA) 

• A national, prospective observational study of children undergoing 
radiofrequency ablation for supraventricular tachycardia 

• Clinical questions: 
 – What is the true risk of radiofrequency ablation procedures, 
particularly in young patients and small hearts? (including echo-
evident damage) 
 – What is the true incidence and time course of recurrence of 
arrhythmias following initially successful ablation procedures in 
children 



Ablation Results in 2756 patients 

Substrate Success rate Substrate Success rate
Manifest Accessory Pathway 994/1067 (93%) AVNRT 776/800 (97%)
Concealed Accessory Pathway 702/734 (96%) Atrial Fibrillation 4/4 (100%)
PJRT 57/68 (83%) Atrial Flutter/intra-atrial reentry 77/91 (85%)
Pathway locations: Ectopic atrial tachycardia 101/110 (92%)

Right Freewall 294/326 (90%) Junctional ectopic tachycardia 9/9 (100%)
Right Septal 392/439 (89%) Ventricular tachycardia 43/55 (78%)
Left Septal 95/108 (88%) Other 23/31 (74%)
Left Freewall 970/991 (98%)

Methods: PACE 2002 
Results and complications: JCE 2004 
Recurrence: Heart Rhythm 2004 
Echo findings: Am heart J 2007 





Post-operative atrial flutter: a defining 
pediatric arrhythmia 

•  73% of cases were in repaired or palliated CHD 
•  Drugs worked 58% of the time 
•  10% of patients died suddenly 
•  20% died suddenly if medical did not control the flutter 



Medical therapy of post-operative IART 

Medications are 
disappointing 



Entrainment mapping 

Roving catheter used to pace during tachycardia, measuring 
post-pacing interval (PPI) 



Electroanatomic mapping 
•  Isochronal map 
•  Identifies circuit, 

isthmus anatomically 
•  Arguably, not needed 

for well-defined circuits 
– Typical flutter 
– WPW 

Mandapati, et al. JCE 2003 



Consider two atrial arrhythmias… 
in a patient with atrial surgery 

Focal IART looks like macroreentry by electroanatomic mapping!
Macro-reentrant Automatic focus

*
Protected zone 
of slow 
conduction

Protected zone 
of slow 
conduction



Boston Children’s Program 

Circ A&E 2015 

Circ A&E 2013 

JACC 1997 

JCE 2000 



Right atrial Maze for Fontan flutter 

•  Arrhythmia surgery for WPW etc disappeared 
~1992 

•  Recognition that ablation is ineffective in Fontan 
IART ~mid 90’s 

•  Cox maze for atrial fibrillation ~1991 
•  Combination Fontan conversion and right atrial 

Maze, Mavroudis et al 1997 



Maze at time of Fontan conversion 

Mavroudis et al J Thorac Cardiovasc Surg 2001 



Maze results 

•  111patients 1994-2006 
•  Early mortality 0.9% 
•  Late mortality 5.4% 
•  6 patients underwent transplant 
•  Freedom from recurrence 86% at 5 years 

Mavroudis et al. Ann Thorac Surg 2007 



Important mile-markers on the road to 
modern pediatric ablation practice 

•  1992: Entrainment mapping 
•  1994: Temperature control 
•  1996: Electroanatomic 

mapping 
•  1998: Irrigated tip ablation 
•  2001: noncontact mapping 

2004: cryoablation  
 --(1991 Gillette) 

2004: Remote magnetic 
navigation 
2008: Zero-fluoroscopy 
ablation 



The future 

•  Shift from research to quality improvement activity 
–  Research: requires consent, funding 
–  QI: no consent, hospital pays for it 

•  Current pediatric cardiology activities 
–  STS Database 
–  C3PO cath lab database 
–  IMPACT congenital heart disease interventions 
–  PC4 CICU database 

•  Development of MAP-IT 




