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1. INTRODUCTION

1.1. Document Development Process

The Society of Pediatric Cardiology Training Program
Directors (SPCTPD) board assembled a Steering Com-
mittee that nominated 2 chairs, 1 SPCTPD Steering
Committee member, and 5 additional experts from a
wide range of program sizes, geographic regions, and
subspecialty focuses. Representatives from the Amer-
ican College of Cardiology (ACC), American Academy
of Pediatrics (AAP), American Heart Association
(AHA), and Pediatric and Congenital Electrophysi-
ology Society (PACES) participated. The Steering
Committee member was added to provide perspective
to each Task Force as a “nonexpert” in that field.
Relationships with industry and other entities were
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not deemed relevant to the creation of a general car-
diology training statement; however, employment
and affiliation information for authors and peer re-
viewers are provided in Appendixes 1 and 2, respec-
tively, along with disclosure reporting categories.
Comprehensive disclosure information for all authors,
including relationships with industry and other en-
tities, is available as an online supplement to this
document.

The writing committee developed the document,
approved it for review by individuals selected by
the participating organizations (Appendix 2), and
addressed their comments. The final document
was approved by the SPCTPD, AAP, and AHA in
February 2015 and approved by the ACC and
endorsed by PACES in March 2015. This document is
considered current until the SPCTPD revises or with-
draws it.

1.2. Background and Scope

Pediatric electrophysiology is a rapidly evolving field.
New technology for implantable devices and abla-
tions, and advances in the genetic diagnosis of
channelopathies challenge the pediatric electrophys-
iologist. The need for formal guidelines to train the
pediatric cardiologist in electrophysiology is readily
apparent, with a formal statement from the AHA,
ACC, and Heart Rhythm Society (HRS) published in
2005 (1). This initial set of guidelines was derived in
part from training guidelines in adult clinical cardiac
electrophysiology but recognizes the important dif-
ference between the pediatric and adult arrhythmia
patient (2).
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Pediatric patients differ in important ways from adult
patients, as recognized by the separate training programs
and board certifications for adult and pediatric cardiolo-
gists. The pediatric cardiologist should be able to manage
the child with a structurally normal heart and supra-
ventricular tachycardia and the child with a perioperative
arrhythmia following congenital heart disease (CHD)
repair, as well as be knowledgeable about the fetus with
an in utero arrhythmia and where and when to refer. The
adult CHD patient offers further challenges. These new
guidelines have been modified to reflect the changing
practice of pediatric electrophysiology, and stress the need
for a working understanding of genetic channelopathies,
as well as the importance of a deeper understanding of the
indications for—and management of—the present genera-
tion of pacemakers, defibrillators, resynchronization de-
vices, and implantable loop recorders.

Our revised training recommendations describe the
program resources and environment that are required
for training pediatric cardiology fellows, together
with a competency-based system promulgated by the
American College of Graduate Medical Education
(ACGME), to implement specific goals and objectives
for training pediatric cardiology fellows. This system
categorizes competencies into 6 core competency do-
mains: Medical Knowledge, Patient Care and Procedural
Skills, Systems-Based Practice, Practice-Based Learning
and Improvement, Professionalism, and Interpersonal
and Communication Skills, along with identification
of suggested evaluation tools for each domain. Core
competencies unique to pediatric cardiac electrophysi-
ology are listed in Section 3 (see the “2015 SPCTPD/ACC/
AAP/AHA Training Guidelines for Pediatric Cardiology
Fellowship Programs [Revision of the 2005 Training
Guidelines for Pediatric Cardiology Fellowship Programs]:
Introduction” for additional competencies that apply to
all Task Force reports).

1.3. Levels of Expertise—Core and Advanced

Core training must be available at all centers with a
fellowship program in pediatric cardiology. The core cur-
riculum described in Section 3 is intended to be sufficient
for fellows who do not plan a formal career in electro-
physiology. Core training is required for all trainees and
is intended to ensure that each fellow acquires the knowl-
edge base and skills necessary to become a pediatric
cardiologist referring his/her patient for more detailed and
invasive rhythm investigation. Advanced training guide-
lines are designed for fellows who wish to embark on a
career that will include invasive electrophysiology pro-
cedures. Advanced electrophysiology training should
only take place at select centers with a procedural volume
that can satisfy the minimum recommended procedural
experience (Section 4).
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2. PROGRAM RESOURCES AND ENVIRONMENT

For training in pediatric electrophysiology, training
should be obtained in a center where there is a pediatric
cardiology training program accredited by the ACGME.
Pediatric catheterization laboratory facilities should be
available with the appropriate equipment to perform
electrophysiology studies and catheter ablation. Such fa-
cilities should include the capability for 3-dimensional
electroanatomic mapping and be equipped for both radi-
ofrequency ablation and catheter cryoablation. The pro-
gram must also have facilities for the implantation of
arrhythmia control devices (i.e., pacemakers and im-
plantable cardioverter-defibrillators [ICDs]). In some set-
tings, this will be the pediatric cardiac catheterization
laboratory or electrophysiology laboratory, and in others,
it may be the operating room. The center’s clinical pro-
cedural volume must be sufficient to allow for exposure of
each trainee to clinical cases in numbers that satisfy
trainee procedure volume expectations. Some centers
may have inadequate volume in every clinical area to
ensure that trainees get adequate exposure in the allotted
core training period, particularly when considering expo-
sure to pacemaker and ICD implantation. In such cases, it
may be feasible for a trainee to gain this experience at a
partner adult institution. At least 1 board-certified pedi-
atric cardiologist with advanced electrophysiology skills
should be identified as the director of the pediatric elec-
trophysiology core training program, and at least 1 staff
cardiologist and/or cardiac surgeon should be skilled in
the implantation of pacemakers and ICDs.

Although third-tier board certification is not available
through the American Board of Pediatrics for the subspe-
cialty of pediatric electrophysiology, the International
Board of Heart Rhythm Examiners IBHRE) now offers cer-
tification examinations for competency in both pediatric
cardiac electrophysiology and cardiac rhythm device ther-
apy. For any center offering advanced fellowship training,
at least 1 electrophysiology staff member should hold
current certification in either (or both) of the IBHRE
examinations.

3. CORE TRAINING: GOALS AND METHODS

By the completion of the core training period, the trainee
should achieve high-level competency in clinical aspects
of noninvasive electrophysiology. Table 1 lists the core
curricular competencies for pediatric electrophysiology,
along with corresponding evaluation tools. Specifically,
they should be able to independently evaluate, treat, and
know when to refer young patients with syncope, palpita-
tions, supraventricular arrhythmias, ventricular arrhyth-
mias, atrioventricular conduction disturbances, and all
forms of early postoperative arrhythmias. They will have
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iV:\:]1 Ml Core Curricular Competencies and Evaluation Tools for Pediatric Electrophysiology

Medical Knowledge:

Know the cellular and whole-organ electrophysiology.

Know the anatomy and embryology of conduction tissues.

Know the developmental changes in cardiac rates and rhythm with age.
Know the basic mechanism of arrhythmias.

Know the clinical presentations and diagnoses of fetal arrhythmias.

Know the specifics for clearance for sports participation.
Know the mechanisms and types of arrhythmias in CHD.

Know the indications and risks for invasive electrophysiology studies.
Know the basic principles of mapping and catheter ablation.

Know the indications for arrhythmia surgery.

Know the indications for utilizing antiarrhythmic drug therapy.

Know the clinical presentation and mechanisms of supraventricular tachycardias.

Know the clinical presentation and mechanisms of ventricular tachycardias.

Know the clinical presentations and mechanisms of channelopathies and hereditary cardiomyopathies.
Know the clinical presentations of and mechanisms of bradycardia and atrioventricular block.

Know the presentations and mechanisms of palpitations, syncope, and sudden cardiac death in the young.

Know pacing modes, basic pacemaker interrogation, pacemaker or ICD types, and basic trouble-shooting for pacemaker and implantable defibrillator therapy.

Evaluation Tools: direct observation, conference participation and presentation, procedure logs, and in-training examination

Patient Care and Procedural Skills:

® Have the skills to utilize ECG, Holter monitoring, exercise testing, and event monitors as diagnostic tools.

® Have the skills to use pharmacological agents, esophageal or intracardiac pacing, and direct current cardioversion in the acute stabilization of arrhythmias.
m Have the skills to interpret basic electrophysiology information obtained through electrophysiology studies and catheter ablation therapy.

m Have the skills to apply adult arrhythmia data to pediatric practice where relevant.

Evaluation Tools: direct observation, conference participation, and procedure logs

CHD indicates congenital heart disease; ECG, electrocardiography; and ICD, implantable cardioverter-defibrillator.

developed skills in risk assessment for sudden death in
young patients having heritable disorders and in those
having worrisome, but nonspecific, symptoms or labora-
tory findings. They should understand the indications for
and be competent in the interpretation of electrocardio-
grams, ambulatory rhythm monitoring (Holter), and event
monitoring. There should be adequate diversity in clinical
material, such that patients having pre- and postoperative
congenital heart disease are adequately represented.

Basic science knowledge in the core curriculum
includes pharmacology, cellular and anatomic electro-
physiology, molecular and clinical genetics, and rudi-
mentary physics. This knowledge should be acquired in
the context of clinical care, didactic lectures, bedside
teaching, and independent reading. This knowledge will
be applied to the use of pharmacological agents to treat
arrhythmias in the fetus, child, and adolescent and those
having CHD, including specific understanding of elec-
trophysiological pharmacodynamics, pharmacokinetics,
drug-drug interactions, drug-electrolyte interactions, and
side effects; expert knowledge of the anatomy of the
conduction system in congenital heart disease; working
knowledge of the genetics of channelopathies and car-
diomyopathies, the indications to order genetic testing,
and general interpretation of the results of genetic testing
for such conditions; and basic knowledge of the physics of
pacing, cardioversion, defibrillation, and therapeutic
ablation of arrhythmia substrates.

The trainee should acquire basic knowledge regarding
nonpharmacological electrophysiology, heretofore de-
fined as invasive electrophysiology. Table 2 delineates
the recommended minimal procedural experience
required to assess competency in pediatric cardiac

electrophysiology for both core and advanced training.
By the completion of core training, the individual should
be capable of managing acute pacing strategies including
the use of temporary transvenous pacing catheters,
esophageal electrode catheters, and percutaneous surgi-
cal wires. This includes skills in interpretation of acute
postoperative arrhythmias; management and follow-up of
temporary pacing systems; termination of supraventric-
ular tachycardia and/or VT with pacing maneuvers; and
indications, techniques, and associated risks (including
stroke) of elective and emergent direct current cardio-
version. This also includes the ability to determine pacing
and sensing thresholds. It is expected that the trainee will
have contemporary knowledge of indications, risks, ben-
efits, and limitations of electrophysiological testing and
catheter ablation of tachyarrhythmias. They will have
general understanding of the diagnostic methods for
discriminating arrhythmia types using intracardiac
testing, the use of pharmacological agents during testing,
principles of substrate mapping, and fundamental risks
and methodologies of catheter ablation. They will be
capable of interpreting common and straightforward
intracardiac electrograms, including electrical interval
measurements. These skills will be accomplished by a
combination of clinical exposure, conferences, didactic
lectures, and supplemental reading.

All trainees should understand the indications for
pacemaker and ICD placement, know the differences in
pacing modes, be capable of performing basic pacemaker
interrogation, be able to perform fundamental reprogram-
ming and troubleshooting, and recognize basic device and
lead malfunction. This includes recognition of sensing ab-
normalities, failure to capture, and battery end-of-service
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Recommended Minimal Procedural Experience

LV::]8 W to Assess Competency in Pediatric Cardiac
Electrophysiology
“Core" “Advanced"
Suggested No. Suggested No.

Procedure of Procedures of Procedures
Noninvasive

ECG interpretation 500 1500

Holter/event/rhythm strips 50 400

Exercise testing rhythm 10 20

Postoperative epicardial 5 20

wire/esophageal study
D/C cardioversion 4 10

Simple electrophysiology
studies/ablation

Diagnostic study 10 10

Ablation for AP and AVNRT 5 50
Complex ablation

Small/young patients - 5

3D mapping in CHD - 10

Intraoperative electrophysiology

Assist epicardial pacemaker - 5
Assist epicardial ICD - 3
Intraoperative ablation - 3

Simple devices

Test and program 20 100
pacemaker/ICD

TV pacemaker implant/revision - 20

TV ICD implant/revision - 15

Complex devices

Implant pacemaker/ICD - 10
in young/CHD

Resynchronization pacing - 5

Lead extraction - 5

3D indicates 3-dimensional; AP, accessory pathways; AVNRT, atrioventricular nodal
re-entrant tachycardia; CHD, congenital heart disease; ECG, electrocardiogram; ICD,
implantable cardioverter-defibrillator; and TV, transvenous.

characteristics. The trainee will be able to evaluate the
radiographic studies and perform basic device evaluation
in young patients presenting with symptoms that could
be attributable to device malfunction.

4. ADVANCED TRAINING: GOALS AND METHODS

Advanced training guidelines for pediatric electrophysi-
ology were recently reviewed and updated by the Pediatric
and Congenital Electrophysiology Society (PACES) and the
HRS (3). That publication should be referred to for a
comprehensive training syllabus and detailed description
of procedural instruction. Included here is a brief synopsis
of advanced pediatric electrophysiology training.

The goal of advanced electrophysiology training is to
equip new practitioners with the knowledge and technical
skills necessary to manage all manner of rhythm disorders
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in the fetus, infant, child, and adolescent, as well as in
adults with CHD. This must involve extensive instruction
in invasive procedures, including intracardiac electro-
physiological studies, catheter ablation, and implantable
devices. The new guidelines for advanced training (3)
recognize that learning curves for complex technical
skills do not reach a plateau at the moment of graduation
from formal instruction but will continue to rise
throughout a trainee’s early career. Additional mentoring
may be required to achieve full competency in certain
demanding procedures such as lead extraction and abla-
tion in the setting of complex anatomy.

Trainees entering an advanced fellowship in pediatric
electrophysiology must have successfully completed a
core fellowship and be eligible for certification by the
Cardiology Subboard of the American Board of Pediatrics
(or its equivalent). Attaining advanced skills requires
12 months or more of focused training at an accredited
high-volume academic center. The program must include
instruction in all important bench science and clinical
science that underlies the field, with particular emphasis
on CHD, developmental influences on rhythm status,
and hereditary arrhythmias. This information should be
conveyed through a combination of bedside teaching,
directed readings, and an organized series of didactic
lectures. See Table 2 for a brief summary of the minimal
procedural experience required to assess competency
for advanced trainees.

5. EVALUATION AND DOCUMENTATION
OF COMPETENCE

All training programs should include written goals and
objectives for each cardiac electrophysiology rotation,
with performance goals set according to the fellow’s
level of training. These will serve as the basis for forma-
tive feedback. A copy of these goals and objectives should
be supplied and explained to the trainee at the onset of
fellowship training and reviewed at the beginning of each
rotation. Evaluation of fellows should be performed
midway through, and at the completion of, each rotation;
evaluations should be directed toward whether the
fellow met those prespecified aims. The fellow evaluation
should be performed by the cardiac electrophysiology
laboratory director and/or senior cardiac electrophysi-
ology physician chosen as director of electrophysiology
training. The fellow evaluation should assess the fellow’s
performance in each of the 6 areas of core competencies,
as appropriate for the level of training, and should be
based on direct observation of the fellow. Evaluation of
competency in preparation, performance, and interpre-
tation of the results of a procedure should be given more
consideration than a focus on the number of procedures
performed. Evaluation of competency should be done in
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person with the trainee and documented in his or her
fellowship record. If the trainee is not progressing as
expected, remedial actions should be arranged and

JACC VOL. 66, NO. 6, 2015
AUGUST 11, 2015:706-11

documented in accordance with institutional procedures.
All fellows should maintain a log (preferably electronic)
of all procedures performed.
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