+Model
ACVD-1262; No. of Pages 11

Archives of Cardiovascular Disease (2020) XXX, XXX—XXX

@ =

Archives
of Gandiovascular
Dk Qs

Available online at Elsevier Masson France
ScienceDirect EM
www.sciencedirect.com www.em-consulte.com/en

CLINICAL RESEARCH

Position paper concerning the competence,
performance and environment required for
the practice of ablation in children and in

congenital heart disease

Position commune du Groupe de Rythmologie et de Stimulation Cardiaque de
la SFC et du Groupe Affilie de Cardiopédiatrie de la SFC concernant les
conditions requises pour les ablations pédiatriques et des patients adultes
avec cardiopathie congénitale

Philippe Maury?*, Jean Benoit Thambo?®,

Alice Maltret©, Nicolas Combes ¢, Sébastien Hascoet®©,
Nicolas Derval, Magalie Ladouceur®™,

Philippe Acar’, Pascal Amedro*, Frederic Anselm/,
Fanny Bajolle€, Adeline Basquin™, Emre Belli",
Pierre Bordachar’, Guillaume Duthoit®,

Sylvie Di FilippoP, Laurent Fauchier?9,

Estelle Gandjbakhch®, Daniel Gras', Celine Gronier?,
Clement Karsenty’, Didier Klug®, Linda Koutbi,
Jérome Lacotte’, Gabriel Laurent", Daniela Laux*,
Jacques Mansourati?’, Eloi MarijonZ?, Caroline Ovaert",
Frederic Sacherf, Nicolas Sadoul??, Jéréme Taieb?P,
Victor Waldmann?, Karine Warinfresse <,

Pascal Defaye?d, Olivier Piot?¢, Serge Boveda?, for
the Working Group of Pacing, Electrophysiology of
the French Society of Cardiology, the Affiliate Group
of Paediatric, Adult Congenital Cardiology of the
French Society of Cardiology

Abbreviations: 3D, three-dimensional; ALARA, as low as reasonably achievable; ASD, atrial septal defect; DIU, Diplome Inter-
Universitaire; EHRA, European Heart Rhythm Association; GUCHD, grown-up congenital heart disease.
* Corresponding author.
E-mail address: mauryjphil@hotmail.com (P. Maury).

https://doi.org/10.1016/j.acvd.2020.02.002
1875-2136/© 2020 Elsevier Masson SAS. All rights reserved.

Please cite this article in press as: Maury P, et al. Position paper concerning the competence, performance and envi-
ronment required for the practice of ablation in children and in congenital heart disease. Arch Cardiovasc Dis (2020),
https://doi.org/10.1016/j.acvd.2020.02.002

© 2021 Elsevier Masson SAS.All rights reserved. - Document downloaded on 11/06/2021 by Rodrigues Sébastien (948138). It is forbidden and illegal to distribute this document.


https://doi.org/10.1016/j.acvd.2020.02.002
https://doi.org/10.1016/j.acvd.2020.02.002
http://www.sciencedirect.com/science/journal/18752136
mailto:mauryjphil@hotmail.com
https://doi.org/10.1016/j.acvd.2020.02.002

+Model
ACVD-1262; No. of Pages 11

2 P. Maury et al.

@ Department of Cardiology, Rangueil University Hospital, 31059 Toulouse, France

b paediatric Cardiology Department, University Hospital Haut-Lévéque, 33604 Pessac, France
¢ Paediatric Cardiology Department, Necker-Enfants Malades Hospital, AP-HP, M3C National
Reference CHD Centre, Paris Descartes University, Sorbonne Paris Cité, 75015 Paris, France
d Clinique Pasteur, 31076 Toulouse, France

€ Congenital Heart Disease Service, Marie Lannelongue Hospital, 92350 Le Plessis-Robinson,
France

f Department of Cardiology, LIRYC Institute/Bordeaux University Hospital, 33600 Pessac,
France

¢ Paris Descartes University, Sorbonne Paris Cité, 75006 Paris, France

h Department of Cardiology, Georges Pompidou European Hospital and Necker-Enfants
Malades Hospital, AP-HP, Adult Congenital Heart Disease Unit, Centre de Référence des
Malformations Cardiaques Congénitales Complexes (M3C), 75015 Paris, France

i Inserm U970, PARCC, 75015 Paris, France

J Children’s Hospital, Toulouse University Hospital, 31300 Toulouse, France

k Paediatric and Congenital Cardiology Department, M3C Regional Reference Centre,
Montpellier University Hospital, PhyMedExp, CNRS, Inserm, University of Montpellier, 34295
Montpellier, France

! Department of Cardiology, Rouen University Hospital, 76000 Rouen, France

™ Department of Cardiology, Centre de Compétence M3C, Rennes University Hospital, 35000
Rennes, France

" Péle des Cardiopathies Congénitales, Marie Lannelongue Hospital, 92350 Le
Plessis-Robinson, France

° Department of Cardiology, La Pitié-Salpétriére University Hospital, 75013 Paris, France

P Department of Paediatric and Congenital Cardiology, Louis Pradel Hospital, 60500 Bron,
France

9 Department of Cardiology, Tours University Hospital, 37000 Tours, France

" Nouvelles Cliniques Nantaises, 44277 Nantes, France

* Cabinet de Cardiologie Foetale Pediatrique et Congenitale Adulte et Groupement
d’Exploration Radiologique et Cardiovasculaire, Clinique de [’Orangerie, 67000 Strasbourg,
France

t Department of Cardiology, Lille University Hospital, 59000 Lille, France

Y Paediatric and Congenital Medico-Surgical Cardiology Department, M3C Regional Reference
CHD Centre, La Timone University Hospital, AP-HM, Laboratory of Medical Genetics, Inserm
UMR 1251, Aix-Marseille University, 13385 Marseille, France

vV Institut Cardiovasculaire Paris Sud, Jacques Cartier Private Hospital, 91300 Massy, France
W Department of Cardiology, Dijon University Hospital, 21000 Dijon, France

* Department of Paediatric and Congenital Cardiac Surgery, M3C, Marie Lannelongue
Hospital, 92350 Le Plessis Robinson, France

Y Department of Cardiology, Brest University Hospital, 29200 Brest, France

Z Department of Cardiology, Georges Pompidou European Hospital, 75015 Paris, France

aa Department of Cardiology, Nancy University Hospital, 54035 Nancy, France

a pepartment of Cardiology, Aix-en-Provence Hospital, 13616 Aix-en-Provence, France

ac Department of Cardiovascular Imaging, Nantes University Hospital, 44800 Saint-Herblain,
France

ad pepartment of Cardiology, Grenoble University Hospital, 38700 La Tronche, France

a€ Centre Cardiologique du Nord, 93200 Saint-Denis, France

Received 11 July 2019; received in revised form 26 December 2019; accepted 6 February

2020
KEYWORDS Summary The population of patients with congenital heart disease (CHD) is continuously
Ablation procedures; increasing, and a significant proportion of these patients will experience arrhythmias because
Congenital heart of the underlying congenital heart defect itself or as a consequence of interventional or surgical
disease; treatment. Arrhythmias are a leading cause of mortality, morbidity and impaired quality of
Paediatric cardiology life in adults with CHD. Arrhythmias may also occur in children with or without CHD. In light

of the unique issues, challenges and considerations involved in managing arrhythmias in this
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growing, ageing and heterogeneous patient population and in children, it appears both timely
and essential to critically appraise and synthesize optimal treatment strategies. The introduc-
tion of catheter ablation techniques has greatly improved the treatment of cardiac arrhythmias.
However, catheter ablation in adults or children with CHD and in children without CHD is more
technically demanding, potentially causing various complications, and thus requires a high level
of expertise to maximize success rates and minimize complication rates. As French recommen-
dations regarding required technical competence and equipment are lacking in this situation,
the Working Group of Pacing and Electrophysiology of the French Society of Cardiology and
the Affiliate Group of Paediatric and Adult Congenital Cardiology have decided to produce a
common position paper compiled from expert opinions from cardiac electrophysiology and pae-
diatric cardiology. The paper details the features of an interventional cardiac electrophysiology
centre that are required for ablation procedures in adults with CHD and in children, the impor-
tance of being able to diagnose, monitor and manage complications associated with ablations
in these patients and the supplemental hospital-based resources required, such as anaesthesia,
surgical back-up, intensive care, haemodynamic assistance and imaging. Lastly, the need for
quality evaluations and French registries of ablations in these populations is discussed. The
purpose of this consensus statement is therefore to define optimal conditions for the delivery
of invasive care regarding ablation of arrhythmias in adults with CHD and in children, and to
provide expert and — when possible — evidence-based recommendations on best practice for
catheter-based ablation procedures in these specific populations.

© 2020 Elsevier Masson SAS. All rights reserved.

Résumé La population de patients avec cardiopathie congénitale (CHD) est en perpétuelle
augmentation, et une proportion significative d’entre eux vont présenter des arythmies du fait
de la cardiopathie congénitale elle-méme, ou comme conséquence des traitements interven-
tionnels ou chirurgicaux. Les arythmies sont une cause majeure de mortalité, de morbidité et
réduisent la qualité de vie des adultes avec cardiopathie congénitale. Les arythmies peuvent
survenir aussi chez les enfants, avec ou sans cardiopathie congénitale. Au vu des problémes,
défis et considérations spécifiques impliqués dans la prise en charge des arythmies dans cette
population croissante, vieillissante et hétérogene et chez les enfants, il apparait essentiel et
opportun de revoir d’un oeil critique et de synthétiser les stratégies de traitement optimal.
L’introduction de ’ablation par cathéter a largement amélioré le traitement des arythmies
cardiaques. Cependant, U’ablation chez les enfants et adultes avec cardiopathie congénitale
est techniqguement plus complexe, génératrice de complications potentielles variées, et donc
requiert un haut niveau d’expertise pour optimiser le taux de succes et réduire le risque
de complications. Comme des recommandations francaises concernant les compétences tech-
niques et les équipements manquent en ce domaine, le Groupe de Travail de Rythmologie et
Stimulation Cardiaque de la Société Francaise de Cardiologie et le Groupe affilié de Cardi-
ologie Pédiatrique et Congénitale ont décidé de produire un document commun, compilant
les opinions d’experts en élecrophysiologie cardiaque et en cardio-pédiatrie. Ce document
détaille les caractéristiques requises pour un centre d’électrophysiologie pour pratiquer des
ablations chez des adultes avec cardiopathie congénitale et chez des enfants, et insiste sur
’importance de pouvoir diagnostiquer, surveiller et traiter les complications inhérentes a
ces gestes chez ces patients, ainsi que les ressources hospitalieres supplémentaires requises,
concernant notamment ’anesthésie, le recours a la chirurgie en urgence, les soins intensifs,
’assistance hémodynamique et ’imagerie. Enfin, le besoin d’évaluation de la qualité des soins
et de registres nationaux d’ablation dans ces populations est évoqué. Le propos de cet article
de consensus est donc de définir les conditions optimales de la délivrance de gestes thérapeu-
tiques invasifs en matiéere d’ablation chez les adultes avec cardiopathie congénitale et chez les
enfants, et de fournir des recommandations d’expert, et basées sur des preuves quand cela est
possible, sur les meilleures pratiques pour ’ablation par cathéter dans ces populations.

© 2020 Elsevier Masson SAS. Tous droits réservés.
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Background

As a result of improvements in surgical and interven-
tional cardiac procedures, the majority of children with
congenital heart defects can now be expected to reach
adulthood. Hence, adults with congenital heart disease
(CHD) constitute an ever-growing population. The medical
community will encounter an increasing challenge, because
most individuals with complex congenital heart defects
usually become young adults nowadays. These patients, par-
ticularly the adults with moderate or highly complex CHD,
can be very difficult to manage, and should be treated in
a few expert and specialized ‘‘grown-up congenital heart
disease’’ (GUCHD) units, concentrating resources, patients,
funding and professional experience.

Over the last 20 years, remarkable progress has been
made in the management of patients with arrhythmias,
including advances in pharmacological treatment, catheter
ablation and device therapy. Although percutaneous abla-
tion of cardiac arrhythmias has improved dramatically,
becoming the standard therapy in many situations, abla-
tion in the paediatric population and in adults with
CHD remains challenging, because of the inherent char-
acteristics of these populations and the complexity of
distorted/restricted anatomy and arrhythmia mechanisms
[1—5]. For radiofrequency or cryoablation in these popu-
lations, decision making requires a deep understanding of
the individual’s pathological anatomy and physiology, as well
as detailed knowledge of the natural history and long-term
prognosis. Indeed, in many cases, the principles of anatomy
and arrhythmia management in adult patients cannot be
applied directly to paediatric patients or to adult patients
with CHD [2,6—9].

Radiofrequency and cryoablation, targeting common
atrial flutter, atrial tachycardia or fibrillation, atrioventric-
ular node reentrant tachycardia, accessory pathways and
ventricular arrhythmias in these populations, are currently
achieving acceptable long-term success and complication
rates when performed by experienced teams involved in
paediatric or congenital electrophysiology [3,10], within a
devoted environment. However, although techniques and
indications have evolved, and considerable progress has
been achieved in the percutaneous treatment of cardiac
arrhythmias, ablation in these populations still requires spe-
cific knowledge and expertise. Ablation in adults or children
with congenital cardiac defects, whether repaired or not,
can be a very technically demanding procedure, where
expertise and skill are essential to achieve high success rates
and minimize complication rates. Adequate operator experi-
ence is required, along with a solid knowledge of paediatric
cardiology or congenital heart defects and a dedicated envi-
ronment, with sufficient staff and hospital-based facilities.
Furthermore, delivery of care must provide the highest rates
of procedural and long-term success, together with the
lowest rates of complications, to a relatively limited pop-
ulation. Indeed, arrhythmias occurring in adults with CHD,
even if common in this setting, do not currently represent a
very important patient population, although the number of
patients requiring treatment is growing because of progress
in medical management. Ablation procedures in paediatric
patients without heart disease are also rather uncommon
situations, at least in France [1,10]. For these reasons, a

great proportion of arrhythmias must be managed in high-
volume specialized centres.

Ablation in patients with various congenital heart defects
is currently performed in several centres in France, and
a more limited number of centres are performing abla-
tion in young children. Although specific recommendations
regarding the required technical competence and skills of
physicians, training, qualifications, technical equipment and
dedicated environment for ablations in adults with CHD and
in children have been proposed by both North American
groups (Pediatric and Congenital Electrophysiology Society
[PACES]/Heart Rhythm Society [HRS] Expert Group) [11]
and European groups (European Heart Rhythm Association
[EHRA]/European Society of Cardiology [ESC]/Association
for European Paediatric and Congenital Cardiology [AEPC])
[2,12], no specific recommendations are currently avail-
able for France. Thus, the Working Group of Pacing and
Electrophysiology and the Affiliate Group of Paediatric and
Adult Congenital Cardiology of the French Society of Cardi-
ology feel that it is now necessary to define guidelines for
interventional cardiac electrophysiological procedures and
organization of care for adults with CHD and for children.

The aims of this position paper are to define the criteria
that guarantee the quality of physician training and experi-
ence and patient care for ablation procedures in adults with
congenital cardiac defects and in children (with or with-
out CHD), in terms of volume, institutional environment,
medical and paramedical staff, technical equipment and
instrumentation. The paper also aims to describe the con-
ditions required to apply these methods correctly and to
reach their objectives while ensuring patient safety. Finally,
the objective of this document is to serve as a reference for
practice and statutory considerations in the future.

Definition of ablation procedures in adults
with CHD and in children

Adults with CHD can be defined as adults carrying any cardiac
defect, from simple to complex, either surgically or percu-
taneously corrected or not, which was present at birth, in
the form of any alteration in anatomy, septation or connec-
tions of the cardiac chambers and great vessels. A list of the
various cardiac defects that may be encountered is provided
below.

Ablation procedures in adults with CHD include ablation
of common atrial flutter, accessory pathways and atrioven-
tricular node reentrant tachycardia, as well as right atrial
tachycardia, any atrial arrhythmia for which the target is
located in the left atrium (atrial fibrillation or left atrial
tachycardia) and any ventricular arrhythmia (either ventric-
ular tachycardia or premature ventricular contractions).

Ablation procedures in children, with or without a cardiac
defect, refer to procedures in patients aged < 18 years; they
can be divided arbitrarily into ablation in young children
(weighing <40kg) and older children. Invasive techniques
are possible even in very small children, but with several
limiting factors that may have implications for ablation pro-
cedures in infants, and avoidance — if possible — is prudent
in the first 2 years of life [2]. As for adults, the procedures
may include ablation of common atrial flutter, accessory
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pathways and atrioventricular node reentrant tachycardia,
as well as right or left atrial tachycardia or any ventricu-
lar arrhythmia (either ventricular tachycardia or premature
ventricular contractions) with or without concomitant struc-
tural heart disease or CHD.

Expected types of CHD population

The three expected types of CHD populations listed below
are taken from the Bethesda classification [13,14].

**Simple’’ CHD

Simple CHD includes isolated small atrial septal defect (ASD)
or ventricular septal defect, repaired atrial or ventricular
defects without sequalae, isolated aortic or mitral valve
stenosis or regurgitation and minor or repaired ductus arte-
riosus.

CHD of ‘*'moderate’’ complexity

CHD of moderate complexity includes aortic-left ventricular
fistulas, anomalous pulmonary venous drainage, atrioven-
tricular septal defects, coarctation of the aorta, Ebstein’s
anomaly, unrepaired significant ductus arteriosus, severe
pulmonary valve stenosis or regurgitation, sinus of Valsalva
fistula/aneurysm, sinus venosus ASD, right ventricular out-
flow obstruction of significance, Tetralogy of Fallot, sub- or
supravalvular aortic stenosis and ventricular septal defect
with other congenital abnormalities.

‘*Severe’’ CHD of great complexity

Severe CHD of great complexity includes any conduit,
any cyanotic congenital defects, double-outlet ventri-
cle, Einsenmenger syndrome and pulmonary vascular
obstructive disease, previous Fontan procedure or cavopul-
monary bypass, single ventricle (double inlet or outlet,
common or primitive), any transposition of the great
arteries, pulmonary, mitral or tricuspid atresia, truncus
arteriosus/hemitruncus and any other abnormalities of atri-
oventricular or ventriculoarterial connection.

Expected types of ablation procedure

The four expected types of ablation procedure are:

e typical atrial flutter, right or left focal atrial tachycardia,
right or left atrial macroreentry;

e atrial fibrillation;

e atrioventricular node reentrant tachycardia, accessory
pathways, junctional ectopic tachycardia;

e ventricular premature beats, ventricular tachycardia.

Required features of an interventional
cardiac electrophysiology centre for
ablation procedures in adults with CHD
and in children

Integrated management

The 32nd Bethesda Conference report called attention to
the need for healthcare professionals, patients and their

Table 1 Staff requirements of a specialized congenital
heart centre.

Paediatric cardiologist or adult cardiologist with
congenital certification

Congenital imaging specialist (echocardiography, CMR,
CT)

Congenital invasive cardiologist

CHD surgeon

Anaesthesiologist with CHD experience and expertise

Invasive electrophysiologist with adult CHD experience

Psychologist

Social worker

CHD: congenital heart disease; CMR:
resonance; CT: computed tomography.

cardiac magnetic

families and regulatory agencies to develop a strategic plan
to improve access and delivery of care to adults with CHD
[15]. Recognition and management of arrhythmias is an
integral part of such specialized care [16—19]. Accordingly,
coordinating care across medical subspecialties and devel-
oping training programmes dedicated to adults with CHD
arrhythmias are key factors allowing access and delivery of
high-quality care. Healthcare needs, especially for adults
with moderate and complex CHD, should be coordinated
by dedicated adult CHD centres [20—22]. The availability
of integrated care for adults with CHD or young children
with arrhythmias is highly recommended. Integrated care
requires the cooperation of cardiologists, paediatricians,
cardiac surgeons, electrophysiologists, dedicated heart fail-
ure and intensive care units, stroke specialists and patients,
encompassing a wide range of therapeutic indications,
lifestyle interventions, CHD treatments and arrhythmia-
specific therapy (Table 1).

Type and level of activity

An inverse correlation between the number of complex abla-
tion procedures performed at an electrophysiology centre
and the rate of complications has been confirmed by many
studies [23—26], including in children [27,28]. Although not
reported formally as yet in the field of invasive electro-
physiology, this is highly probably true for patients with
GUCHD, also because referral to specialized adult CHD care
has been shown to be independently associated with a sig-
nificant reduction in mortality, particularly for patients with
moderate or severe CHD [29]. Thus, centres performing
interventional electrophysiological procedures, including
ablations in adults with CHD and in children, must maintain
a minimum level of activity to ensure appropriate quality of
care.

Because of the paucity of affected patients, and because
of the lack of French recommendations, national registries
and databases, it is probably unreasonable to set a mini-
mal threshold for yearly ablation procedures in adults with
CHD or in children per centre. Therefore, regarding the
specificity of some of these patients and the complexity of
their management, most procedures — and especially the
complex ones — should be performed in centres special-
ized in both paediatric patients (with or without CHD) and
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adults with CHD. These centres should not only provide a
specialized electrophysiology team, but also an appropriate
environment for managing some potentially complex cases.

However, to ensure sufficient expertise and accredita-
tion, the centre should have a minimal yearly activity in
‘*standard’’ ablations (common atrial flutter or recipro-
cating supraventricular tachycardia > 100) and ‘‘complex’’
ablations (left atrial tachycardia/fibrillation > 100; ventric-
ular arrhythmias >30) [30] in patients with and without
structural heart disease. Although some simple ablation of
atrial or supraventricular tachycardia in patients with sim-
ple GUCHD (i.e. right atrial tachycardia or common flutter
after surgical closure of isolated ostium secundum ASD) may
be performed in centres commonly certified for standard
ablation, a consultation with an adult CHD specialist should
be sought before invasive electrophysiological interventions
[11,20—22]. Any other ablation in patients with ‘‘simple’’ or
“*moderate’’ cardiac defects should be performed by cen-
tres commonly certified for complex ablations [30], while
even more complex ablations (either supraventricular or
ventricular) in “‘complex’’ cardiac defects (i.e. univentric-
ular hearts or atrial switch for transposition of the great
vessels) should be optimally managed by specialized centres
involved in the management and surgery of these specific
populations (Table 2). Moreover, although a minimal num-
ber of ablation procedures cannot be formally fixed, centres
willing to perform ablations in adults with CHD and in chil-
dren should manage a significant population of adults with
CHD and children in order to achieve a reasonable number
of procedures per year.

For young children (weighing < 40 kg) with or without con-
genital defects, centres should have recognized expertise
[2], and should consistently perform several cases a year
over a sufficient time period. For ablation in older children
without CHD, especially teenagers, sufficient expertise and
activity in ablation of standard supraventricular tachycardia
in adults is required (see above), although it is reasonable to
allow such procedures to be performed in centres commonly
certified for complex ablations [30] (see Table 2).

Finally, in particular cases of highly specialized cen-
tres managing only adults with CHD and children, but
lacking activity in ablation in adults without CHD (as
required above), the presence of physician(s) who otherwise
have solid experience in complex ablation procedures (as
described previously [30]) may be an acceptable possibility.

Centres that do not achieve and maintain these activity
levels and environments should be questioned about their
ability and legitimacy to continue performing ablation pro-
cedures in adults with CHD and in children if a sufficient
increase is not expected soon, despite the growing patient
population.

Each centre should accommodate a sufficiently large
local population to reach these thresholds, and the exis-
tence of several centres with inadequate referral in the
same geographical area should be avoided. In a situation
where several centres in the same geographical area would
not each have a sufficient number of patients, gathering of
the activities at one site is strongly recommended.

As interventional electrophysiological therapy in adults
with CHD and in children may involve pacemaker or defibril-
lator implantation/control and resynchronization therapy,
centres performing ablations in patients with GUCHD and

in children should also be experienced in these techniques
and especially in these populations. It seems reasonable,
therefore, to state that centres performing these types of
ablations should also implant a sufficient number of such
devices (> 300—350 devices per year, including a significant
number in adults with CHD or in children, according to the
population involved).

Medical staff

Invasive electrophysiological procedures in adult CHD or
paediatric settings should be performed by electrophysiol-
ogists with expertise in adult CHD or children, and within
an environment suitable for CHD or paediatric patient care.
In the absence of formally trained adult CHD and pae-
diatric electrophysiologists, close collaborations between
adult electrophysiologists and paediatric cardiologists or
adult CHD specialists may be required to deliver high-quality
care to adults with CHD and arrhythmias. The medical staff
requirements of a specialized congenital heart centre for
performing ablation in adults with complex congenital car-
diac defects or in young children have been listed in Table 1.

As for complex ablation procedures [30], electrophys-
iological physicians willing to perform ablation in adults
with CHD or in children should have completed specialist
cardiology training (cardiovascular Diplome d’Etudes Spé-
cialisées [DES]) or have an equivalent accepted foreign
certification. Ideally, they should also have passed the the-
oretical and practical examinations in cardiac arrhythmias
and pacing set by the Inter-University Board of Cardiac Elec-
trophysiology and Pacing (Diplome Inter-Universitaire [DIU]
de Rythmologie et Stimulation Cardiaque) or have an equiv-
alent certification (for instance, EHRA certification).

To perform such procedures as a principal operator, the
French Working Group of Pacing and Electrophysiology feel
that it is further recommended to have fulfilled the remain-
ing conditions required for performing complex ablations
[30]: to have gone through an international or national fel-
lowship (for instance, EHRA fellowship), i.e. to have > 1 year
of specific full-time practical training in interventional elec-
trophysiology in a teaching centre, and to have acted as a
principal operator in a sufficient number of complex ablation
procedures in recent years.

Furthermore, with the exception of the oldest children
and simple adult CHD (Table 2), experience and knowledge
in paediatric cardiology and CHD are also mandatory and,
ideally, electrophysiologists involved in such procedures are
encouraged to pass the theoretical and practical examina-
tions set by the Inter-University Board of Paediatric and
Congenital Heart Disease (DIU de Cardiologie Pédiatrique
et Congénitale) or have an equivalent foreign certification.
At least, coordinated discussion and planning of the case
with a CHD specialist on site or from a specialized cen-
tre is mandatory. Adequate experience in pacemaker or
implantable cardioverter defibrillator implantation or pro-
gramming in children is also mandatory.

We recommend that at least two trained electrophysio-
logical operators are present locally, although both are not
necessarily required in the electrophysiological laboratory
for part or all of the procedure duration.

For ablation of arrhythmogenic substrates located in
the left cardiac chambers in patients without cardiac
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Table 2 Recommendations regarding centre competencies: required expertise levels for each situation.

Type of ablation/population

Required competencies

Supraventricular tachycardia, WPW syndrome, common
atrial flutter in healthy children weighing > 40 kg

Any ablation in children weighing < 40 kg

Atrial or supraventricular ablation in simple adult CHD
(Bethesda classification) (i.e. ostium secundum ASD) [13]
Atrial, supraventricular or ventricular ablation in moderate
adult CHD or ventricular ablation in simple adult CHD
(Bethesda classification) [13]

Any ablation in complex GUCHD (Bethesda classification)
[13]

Centres commonly certified for complex ablations [30],
with paediatric environment

Specialized congenital heart centres

Centres commonly certified for standard ablations [30]

Centres commonly certified for complex ablations [30],
with dedicated congenital environment

Specialized congenital heart centres

ASD: atrial septal defect; CHD: congenital heart disease; GUCHD: grown-up congenital heart disease; WPW: Wolff-Parkinson-White.

discordance, physicians should be specifically trained in
transseptal and retrograde transaortic accesses. It should
be pointed out that vascular and transseptal accesses may
be especially difficult in patients with operated CHD, thus
highlighting the potential utility of vascular ultrasound
or transoesophageal/intracardiac echocardiography, which
should be available when needed. Transseptal puncture in
patients with previous percutaneous ASD closure may also be
difficult, and should only be performed by the most expe-
rienced operators, with the help of physicians involved in
ASD closure, when needed. In patients with atrial switch or
with intra- or extracardiac conduits, transseptal puncture
through conduits or baffles may be needed, and physicians
should be ready to perform these accesses. Occasionally,
percutaneous transhepatic access may be necessary when
no other access to the systemic atrium is available [31],
and physicians should be ready to perform this technique
under fluoroscopic and ultrasound guidance. In these situa-
tions and in all complex cases, patients must be referred
to a specialized congenital heart centre with an adapted
environment.

Particular knowledge of CHD or collaboration with car-
diopaediatricians is mandatory for carrying out ablation
procedures in adults with CHD or in children, which may
include multidisciplinary decisions with the assistance of
experts in congenital disease and imaging at any time, and
with surgical/intensive care departments experienced in the
management of adults with CHD or children, and adapted to
the relevant population.

Specific training in the use of radiation in children or
in adults exposed to increasing amounts of low-dose ioniz-
ing radiation is mandatory in any situation [2]. The clinical
application of the ‘Justification’ and ‘Optimization’ prin-
ciples of ALARA (as low as reasonably achievable) must be
applied in this specific population of children and adults with
CHD (see below).

Paramedical staff

The requirements regarding the attendance and training
of nursing staff for ablation procedures involving adults
with CHD are the same as those applicable to diagnos-
tic electrophysiological procedures or complex ablation
procedures [30,32], together with special experience for

complication management. As with other ablation pro-
cedures, nurses involved in ablation are encouraged to
register with the Inter-University Board of Cardiac Elec-
trophysiology and Pacing for Allied Professionals (Diplome
Universitaire de Rythmologie Interventionnelle pour le
Personnel Paramedical) or have an equivalent foreign certifi-
cation. Nevertheless, even for performing simple ablation in
children, experience in paediatric management, in terms of
nursing, anaesthesia or sedation, is mandatory for paramed-
ical staff.

According to the legislation defining the technical condi-
tions applicable to interventional cardiac procedures [32],
at least two trained paramedical assistants, including at
least one nurse, should be present during the procedure.
For procedures in children, two nurses are mandatory.

Facilities and technical equipment

The electrophysiological equipment requirements are the
same as those described for standard or complex catheter
ablation, with an electrophysiological recorder system
including > 12 surface electrocardiogram leads, a sufficient
number of intracardiac channels and invasive pressure-
recording channels. The electrophysiology laboratory and
postprocedure recovery unit should be suitable for the care
of adults with CHD or children. Hospitalization units must
be adapted to the age of the patient.

Three-dimensional (3D) electroanatomical navigation
systems should be available in the electrophysiological lab-
oratory, even in centres wiling to perform simple right
atrial tachycardia ablations after ASD closure. Experience in
manoeuvring and using the 3D mapping system is required
for physicians, but they can receive help from specialized
technicians from the manufacturers or trained paramedi-
cal staff. Even in centres that mainly use cryoablation for
accessory pathways, AV node reentrant tachycardia or atrial
fibrillation, solid experience in radiofrequency and 3D map-
ping systems is mandatory. In addition, the staff must have
a thorough knowledge of ablation energy delivery systems
— either radiofrequency or cryoablation — while dedicated
catheters must be available in sufficient numbers, types and
sizes to complete any procedure, especially in young chil-
dren [2]. Remote magnetic navigation may be of additional
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value in patients with complex CHD [33], although this is
rarely available in most centres.

Fluoroscopy equipment must offer the possibility of mul-
tiple views, with sufficient imaging quality and maximal
radiation dose reduction (ALARA), without compromis-
ing safety and procedure outcome [13], allowing pulsed
fluoroscopy, lower frame rate, collimators, limiting mag-
nification, stored angiography and single-plane imaging.
Contrast injectors and image/movie storage capacities
should be available. Dose reduction should be maximal
for children, concomitant with the use of non-fluoroscopic
techniques when possible and suitable [2], and avoiding pre-
procedural imaging using radiation. Only modern fluoroscopy
systems with the lowest available radiation doses should be
used in children.

The application of the ALARA principle, aiming to reduce
ionizing radiation for patients, physicians and staff to
the lowest levels, is mandatory in adults with CHD and
in children. Nonetheless, young patients — and particu-
larly children — are more sensitive to ionizing radiation,
and a longer life expectancy increases the risk of life-
time radiation-induced cancer in this population. Adults
with CHD are likely to undergo several fluoroscopy-guided
cardiac haemodynamic/electrophysiological procedures or
computed tomography scans during their follow-up, leading
to an accumulation of radiological exposure and a higher
potential for long-term radiation-induced cancer. System-
atic dose reporting and long-term monitoring are therefore
mandatory in this population.

Electroanatomical mapping (3D systems) allows a reduc-
tion of catheter ablation fluoroscopy time in adults with
CHD and in children. Regarding the above-mentioned data,
the Working Group strongly recommends the use of elec-
troanatomical mapping for complex ablation procedures in
adult CHD and paediatric populations [2].

Readily accessible comprehensive logs/files of all abla-
tion procedures must be kept. Continuous evaluation of the
results should be part of the learning process in centres per-
forming complex ablations. Ideally, such centres should have
academic counterparts and activity.

Complications and their management

Complications that may occur during or after ablation
procedures in patients with GUCHD or in children are
the same as for other procedures, and may include peri-
cardial effusion/tamponade, stroke, transient ischaemic
attack, pulmonary vein stenosis, atrial oesophageal fistulae,
phrenic nerve palsy, air embolism, valve damage, catheter
entrapment, inappropriate sinus tachycardia, atrioventricu-
lar block, gastric hypomotility, perioesophageal vagal nerve
injury, acute coronary artery occlusion/stenosis, venous
thrombosis and pulmonary embolism, radiation exposure
hazard and local complications at vascular access [34].
Centres performing such ablations should be able to diag-
nose, monitor and manage these complications according
to current guidelines [34], with special attention paid to
recognizing evocative symptoms during or after the first
weeks following the procedure [34]. Specific complications
related to patients with GUCHD may also include worsening
of cyanosis after transbaffle/conduit puncture or pulmonary

hypertension, sometimes requiring specific management
and close follow-up [3].

Supplemental hospital-based resources
Anaesthesia

Invasive electrophysiological interventions in adults with
moderate or complex CHD that require conscious sedation
or general anaesthesia should be performed in collabora-
tion with an anaesthesiologist familiar with adult CHD or
paediatric patients [11,35].

General anaesthesia is mandatory for performing abla-
tionin children [36], and even if not systematically required,
general anaesthesia or deep sedation may also be used
for interventional electrophysiological procedures in adults
with CHD because of pain, stress, haemodynamic impair-
ment, risk of movement (leading to shifts in the 3D maps),
discomfort or long duration of procedure.

The choice of anaesthesia in these situations should be
determined by institutional preference and the patient’s
suitability for conscious sedation [34]. Although we feel that
general anaesthesia can be proposed in complex atrial abla-
tion procedures when needed, it probably should not be
performed for reciprocating supraventricular tachycardia,
idiopathic ventricular arrhythmias or premature ventricular
beats when possible, where lack of sedation may facili-
tate determination of procedure endpoints and long-term
success rates [37]. General anaesthesia may also increase
morbidity and mortality during ablation of ventricular tachy-
cardia, and should be carefully discussed in patients with
severely compromised left ventricular function, because this
can result in acute haemodynamic compromise during the
ablation procedure; its use needs to be carefully considered
in these patients [37]. In case of a procedure performed
under conscious sedation, the presence of an ‘‘on demand’’
anaesthesiologist in the hospital is mandatory in order to
perform deep sedation/anaesthesia as soon as needed or in
the event of a complication. For anaesthesiologists involved
in ablation procedures in adults with CHD or in children, spe-
cial knowledge and training in CHD and paediatric cardiology
are mandatory, adapted to the relevant population. Ideally,
they should also have passed the theoretical and practical
examinations in Anaesthesia and Reanimation in Congenital
Heart Disease set by the Inter-University Board of Resus-
citation of Congenital Heart Disease (DIU de Réanimation
Chirurgicale des Cardiopathies Congénitales).

Surgical back-up

As major complications may occur during or after car-
diac ablation, sometimes requiring urgent cardiothoracic
or vascular surgery, surgical coverage must be available
immediately if needed. The risk of tamponade requires the
ability to proceed with percutaneous pericardial drainage
at any time during or after the procedure. The electrophys-
iological physician should therefore be familiar with this
technique. Furthermore, surgical pericardial drainage by a
surgeon [30] with knowledge of congenital cardiac surgery
or children on stand-by in the medical centre should be
available at any time during and after the procedure. In
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centres without on-site cardiac surgeons, procedures should
be restricted to patients without open-heart surgery history,
for whom urgent pericardiectomy could be challenging. Spe-
cial knowledge of paediatric heart surgery or CHD surgery is
mandatory, and needs to be adapted to the population in
question.

Intensive care

A cardiac intensive care/resuscitation unit in the vicin-
ity of the interventional electrophysiological laboratory is
essential for monitoring patients after complicated proce-
dures, if required. Physicians should be experienced in the
management of CHD, adapted to the relevant population.
Resuscitation equipment and physicians devoted to adults
with CHD and to children of any age should be available at
all times. Help from an electrophysiological physician should
be also available whenever needed.

For children aged < 15 years, a paediatric environment is
mandatory (hospitalization, intensive care and monitoring).

Haemodynamic assistance

For performing complex ablations in very sick patients (i.e.
VT ablations in moderate or complex CHD), centres and
teams must be familiar with haemodynamic assist device
implantation (e.g. extracorporeal membrane oxygenation
[ECMO] or Impella™ [Abiomed Inc., Danvers, MA, USA]) [30],
either as planned haemodynamic support before the abla-
tion [38] or as an emergency salvation procedure because
of refractory arrhythmias, cardiogenic shock or electrome-
chanical dissociation related to the procedure [39]. Even if
there are no similar data available for children or patients
with GUCHD, is seems reasonable to extend these recom-
mendations to the CHD and paediatric populations.

A neurological emergency department and adequate neu-
rological imaging should be available at any time for the
management of stroke or cerebral haemorrhage occurring
during or after the ablation procedure, with the availability
of any required therapy (e.g. percutaneous vascular desob-
struction). If there is no on-site stroke centre, protocols —
planned in collaboration with the stroke centre — should be
in place.

Imaging and image integration

Cardiac imaging has become mandatory before, during and
after ablation procedures. Increased use of imaging to
provide preinterventional information not only potentially
reduces fluoroscopy time, but also increases safety and
ablation success rates, even if preprocedural imaging using
radiation-based techniques should be avoided when possi-
ble in children. Fluoroscopy is still necessary during most
ablation procedures, but fluoroscopy time and radiation
dose should be minimized as much as possible, especially
in children, while maintaining reliability and navigation
safety (see above). Thus, the use of non-fluoroscopic nav-
igational mapping systems to guide the ablation procedure
is strongly recommended [2], and is even mandatory in cen-
tres performing ablations in adults with CHD and in children.
However, electrophysiological physicians should be able to
perform some of these procedures using fluoroscopy only

(e.g. accessory pathways or AV node reentrant tachycar-
dia), as non-fluoroscopic systems are currently not formally
required for this, are probably useless and are not cost-
effective.

Transthoracic echocardiography should be available at
any time to monitor complications, such as tamponade.
Transoesophageal echocardiography is mandatory before
ablations of left atrial arrhythmias to rule out a left atrial
thrombus [33]. Transoesophageal echocardiography should
therefore be available before — or at the beginning of —
each procedure in centres that perform such ablations in the
oldest children or in adults with CHD, with specific operator
experience in CHD.

The use of cardiac computed tomography and magnetic
resonance imaging for delineating anatomy, scars, fibro-
sis or complications has increased dramatically in recent
years [40]. According to the current consensus state-
ment [41], a computed tomography scan may replace
magnetic resonance imaging in some patients with pace-
makers/implantable cardioverter defibrillators that are not
compatible with magnetic resonance imaging [40]. Recent
technical innovations have substantially reduced radiation
exposure during computed tomography scans [40]. The use
of these imaging techniques should therefore be encouraged
when needed, and they should be available at any cen-
tre dealing with ablations in patients with congenital heart
defects. Finally, coronary angiography must be available at
any time in the electrophysiological laboratory when there
is a suspicion of coronary artery complications, especially
for accessory pathway and ventricular arrhythmia ablation.

Table 3 Summary of the resources needed in centres
willing to perform ablation in patients with grown-up
congenital heart disease or in children.

Paediatric cardiologist or adult cardiologist with
congenital certification

Congenital imaging specialist (echocardiography, CMR,
CT)

Congenital invasive cardiologist

CHD surgeon

Anaesthesiologist with CHD experience and expertise

Invasive electrophysiologist with adult CHD experience

Experience in pacemaker or defibrillator
implantation/control and resynchronization therapy
in both adult CHD and paediatric populations

Paramedical staff with experience in
electrophysiological procedures or complex ablation
procedures, and paediatric management

Electrophysiological laboratory and postprocedure
recovery/hospitalization units suitable for adults with
CHD or children

Three-dimensional electroanatomical navigation
systems and dedicated catheters for paediatric use
available in the electrophysiological laboratory

Fluoroscopy equipment with sufficient imaging quality
and maximal radiation dose reduction

CHD: congenital heart disease; CMR: cardiac magnetic
resonance; CT: computed tomography.
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A summary of the resources needed in the centres willing
to perform ablation in patients with GUCHD or in children is
shown in Table 3.

Quality evaluations and national registries

Scientific advances and technological improvements in pae-
diatric and congenital electrophysiological interventions
come with associated responsibilities to ensure that these
costly therapies result in high-quality care and low compli-
cation rates. National registries should be developed in
the field of such ablations to allow quality evaluations
[42,43]. Use of electronic medical records and participation
in electrophysiological national registries are thus strongly
encouraged, and may become mandatory. The development
of quality controls in electrophysiology may be done by
experts under the academic supervision of the French Work-
ing Group of Pacing and Electrophysiology and the Affiliate
Group of Paediatric and Adult Congenital Cardiology of the
French Society of Cardiology.
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