
Cardiology in the Young

cambridge.org/cty

Original Article

Cite this article: Karagöz T, Ertuğrul İ, Aypar E,
Adıgüzel A, Aykan HH, Şahin M, Yıldırım
Baştuhan I, Alehan D, and Çeliker A (2022) Two
decades of experience on ablation in children
with Ebstein’s anomaly. Cardiology in the Young
32: 437–443. doi: 10.1017/S1047951121002353

Received: 6 December 2020
Revised: 16 April 2021
Accepted: 24 May 2021
First published online: 21 June 2021

Keywords:
Ebstein’s anomaly; ablation; paediatric

Author for correspondence:
Ilker Ertuğrul, MD, Department of Paediatric
Cardiology, Hacettepe Universty Ihsan
Dogramacı Children’s Hospital,
Ankara 06230, Turkey. Tel: þ903123051157.
E-mail: ilker.ertugrul@hacettepe.edu.tr

© The Author(s), 2021. Published by Cambridge
University Press.

Two decades of experience on ablation in
children with Ebstein’s anomaly

Tevfik Karagöz1, İlker Ertuğrul1 , Ebru Aypar1 , Aydın Adıgüzel1,

Hayrettin Hakan Aykan1, Murat Şahin2, Işıl Yıldırım Baştuhan3,

Dursun Alehan1 and Alpay Çeliker4

1Department of Paediatric Cardiology, Hacettepe Universty Ihsan Dogramacı Children’s Hospital, Ankara, Turkey;
2Department of Paediatric Cardiology, Istanbul Mehmet Akif Ersoy Thoracic and Cardiovascular Surgery Centre and
Research Hospital, Istanbul Saglik Bilimleri University, Istanbul, Turkey; 3Department of Paediatric Cardiology,
University of Health Sciences Antalya Training and Research Hospital, Antalya, Turkey and 4Department of
Paediatric Cardiology, American Hospital, İstanbul, Turkey

Abstract

Introduction: Accessory pathways are commonly seen due to delamination of tricuspid valve
leaflets. In addition to accessory pathways, an enlarged right atrium due to tricuspid regurgi-
tation and incisional scars creates substrates for atrial re-entries and ectopic tachycardia. We
sought to describe our experience with catheter ablation in children with Ebstein’s anomaly.
Methods and results:During the study period, of 89 patients diagnosed with Ebstein’s anomaly,
26 (30.9%) of them who underwent 33 ablation procedures were included in the study.
Accessory pathways were observed in the majority of procedures (n= 27), whereas atrial flutter
was observed in five, atrioventricular nodal reentrant tachycardia in five, and atrial tachycardia
in two procedures. Accessory pathways were commonly localised in the right posteroseptal
(n= 10 patients), right posterolateral (n= 14 patients), septal (n = two patients), and left post-
eroseptal (n = one patient) areas. Multiple accessory pathways and coexistent arrhythmia were
observed in six procedures. All ablation attempts related to the accessory pathways were suc-
cessful, but recurrence was observed in five (19%) of the ablations. Ablation for atrial flutter was
performed in five patients; two of them were ablated successfully. One of the atrial tachycardia
cases was ablated successfully. Conclusions:Ablation in patients with Ebstein’s anomaly is chal-
lenging, and due to nature of the disease, it is not a rare occasion in this group of patients.
Ablation of accessory pathways has high success, but also relatively high recurrence rates,
whereas ablation of atrial arrhythmias has lower success rates, especially in operated patients.

Ebstein’s anomaly is a rare CHD that accounts for less than 1% of all CHD. In Ebstein’s
anomaly, the hinge points of the septal and posterior leaflets of the tricuspid valves are displaced
towards the apical part of the ventricle due to incomplete delamination, leading to amismatch of
the true atrioventricular annulus and functional annulus. Displacement of the leaflets of the
tricuspid valve divides the right ventricle into an atrialised and a functional portion.1,2 This con-
dition is associated with structural anomalies, as well as electrical conduction anomalies.3 The
age of onset of symptoms associated with haemodynamic changes is related to the degree of
leaflet tethering, apical displacement, severity of tricuspid valve regurgitation, and degree of
functional hypoplasia of the right ventricle. Although cyanosis and heart failure dominate
the clinical picture in neonates and children with Ebstein’s anomaly, arrhythmias are the leading
cause of symptoms in adolescents and adults.1,4,5 Arrhythmias are usually present in up to 80%
of patients, while 17–42% of patients with Ebstein’s anomaly have accessory pathways, 29%
have multiple accessory pathways, and 7–8% have Mahaim potentials.6,7

Delamination of tricuspid valve leaflets leads to the presence of muscular or specialised tissue
remnants through the atrioventricular groove, resulting in accessory pathways between the atria
and ventricle, especially localised in the posteroseptal and posterolateral regions, that are often
multiple.5,8 The incidence of atriofascicular fibres and atrioventricular nodal re-entrant tachy-
cardia is also reported to be higher than in the overall population.8,9 In addition to the accessory
pathways, an enlarged right atrium, due to tricuspid regurgitation and incisional scars related to
previous surgeries, creates substrates for atrial re-entries and ectopic tachycardia.10 Ventricular
tachycardia may also originate from the atrialised portion of the ventricle or as a result of the
haemodynamic effects of the structural abnormality.9

This ideal environment is a real challenge for any kind of tachycardia in the field of electro-
physiology. Enlarged and thin-walled areas in the right atrium, variable localisation of the ana-
tomic and functional atrioventricular groove, and pseudo-accessory pathway potentials are the
leading factors responsible for difficult ablation procedures in the case of various arrhythmia
mechanisms.5,11 Although tachycardia in Ebstein’s anomaly is generally present during
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adulthood, paediatric, and even neonatal, cases may occur. Data on
paediatric Ebstein ablation are limited with regard to the adult
population; therefore, we sought to describe our almost two
decades of experience with catheter ablation in children with
Ebstein’s anomaly.

Methods

All records for patients with Ebstein’s anomaly who underwent
catheter ablation at our centre between January 2019 and
January 2002 were reviewed retrospectively. Data of these patients
included demographics and relevant clinical characteristics, echo-
cardiographic findings, associated cardiac anomalies, surgical
interventions, reason for ablation, ablation site, energy source,
use of three-dimensional electro-anatomical mapping system, pro-
cedure and fluoroscopy times, ablation results, presence of recur-
rence, and follow-up results. Telephone interviews were conducted
for those who were lost to follow-up. The local ethics committee
approved the study.

Echocardiographic evaluation

Ebstein’s anomaly was diagnosed using transthoracic echocardiog-
raphy. The Mayo Clinic criteria for diagnosis were used and
included apical displacement of the septal tricuspid valve leaflet
from the insertion of the anterior leaflet of the mitral valve bymore
than 0.8 cm/m2 body surface area in systole, a redundant, sail-like
anterior tricuspid valve leaflet, often tethered to the right ventricu-
lar free wall, and an “atrialised” right ventricle.12 Doppler and col-
our flow imaging techniques were used to grade degree of tricuspid
regurgitation as mild, moderate, or severe.

Procedure

Indication for ablation was made in all patients with symptomatic
palpitations and documented tachycardia. Electrophysiological
studies were performed while patients were in fasted and sedated
state. All patients provided signed informed consent prior to the
ablation procedure. All antiarrhythmic drugs were discontinued
for five half-lives of each drug before the procedure. Intra-
cardiac bipolar electrograms, as well as 12-lead electrocardiograms,
were recorded digitally. All measurements were performed using
on-screen electronic callipers at a sweep speed of 100–200 mm/s
and gain setting of 0.1–0.2 mV/cm. The EP-TRACER/70
(Cardiotek Netherlands) was used for the first consecutive 22 pro-
cedures, and the remaining procedures were performed with the
WorkMate ClarisTM EP system (St. Jude Medical, St. Paul, MN,
USA). The three-dimensional mapping CARTO XP or CARTO
3 systems (Biosense Webster, Inc., Diamond Bar, CA, USA) or
the EnSite™ NavX Precision system (St. Jude Medical, St. Paul,
MN, USA) were used in some patients. A reference decapolar cath-
eter was placed into the coronary sinus from the femoral vein; in
two patients, coronary sinus catheterisation could not be accom-
plished; therefore, a trans-oesophageal quadripolar catheter was
used as the reference catheter in one patient. For the other patient,
a decapolar catheter was placed in the atria in a stable fashion.
Decapolar diagnostic catheters were placed in a high atrial posi-
tion, and his potential recordings were obtained with an additional
or the same decapolar catheter, depending on patient body weight.
Radiofrequency ablations were performed using a 7Fr steerable
multi-curve ablation catheter (Marinr MCXL, Medtronic, Inc.,
Minneapolis, MN, USA) or irrigated tip catheter (FlexAbility™

cardiac ablation catheter, Sensor Enabled™, Abbott Medical,
St. Paul, MN, USA). Cryoablation was performed with 6-mm
and 8-mm tip F3 curve cryoablation catheters (Medtronic Inc.
Minneapolis, MN, USA). The ablation point was targeted to the
true atrioventricular groove for the accessory pathway ablation
procedures, so we aimed to have smaller A and larger V on distal
recordings, and larger A and smaller V on proximal recordings
of the ablation catheters (Fig 1), along with a QS pattern on uni-
polar recordings (Fig 2). Radiofrequency ablation was applied at
55–60 oC, 50 W, with irrigated catheters at 45 degrees, 35 W for
120 seconds at the target point. Cryoablation was performed for
four to six lesions using the freeze-thaw-freeze approach; each
lesion was treated for 240 seconds with some exceptions.
Evidence of elimination of the accessory pathway was deter-
mined by both pacing manoeuvres and the presence of right
bundle branch block on 12-lead ECG recordings, especially
for multiple accessory pathways (Fig 3).

Results

Between 2019 and 2000, 89 patients were diagnosed with Ebstein’s
anomaly by echocardiography. The medical records of 84 patients
were available. A total of 26 (30.9%) patients with Ebstein’s
anomaly underwent ablation procedures and were included in
the study. The median age at presentation was 14 (range, 4–17)
years and median body weight was 42 (range, 15–74) kg. The
severity of tricuspid regurgitation was mild in 11 (45%), moderate
in 7 (29%), and severe in 4 (16%) patients; 2 patients had prosthetic
tricuspid valves. Associated cardiac defects were present in six
(25%) patients and five (21%) patients had previous surgical repair.
Two patients had ventricular septal defect, two had patent ductus
arteriosus, and another two had atrial septal defects. Thirty-three
procedures, due to recurrences, were applied in these patients.
Three procedures were required in one patient (after successful
ablation of accessory pathways located in posteroseptal region of
right atria, recurrent ablation performed for accessory pathways,
and 2 years later, a third ablation procedure was performed for
atrial tachycardia and atrioventricular nodal reentrant tachycar-
dia). Three-dimensional mapping systems were applied in 22/33
of the procedures. Accessory pathways were observed in themajor-
ity (n= 27) of procedures, whereas atrial flutter was observed in
five, atrioventricular nodal reentrant tachycardia in five, and atrial
tachycardia in two procedures (Table 1). Multiple accessory path-
ways (in two patients) and coexistent arrhythmia were observed (in
one patient Wolf ParkinsonWhite [WPW] with flutter, focal atrial
tachycardia, and atrioventricular nodal reentrant tachycardia) in
some patients during the same procedures (Table 2). Accessory
pathways were commonly localised in the right posteroseptal
(n= 10 patients), right posterolateral (n= 14 patients), septal
(n = two patients), and left posteroseptal (n = one patient) regions.
One patient with a left posteroseptal accessory pathway had an
L-transposition of the great arteries with Ebstein’s anomaly of the
tricuspid valve. Ten patients had concealed accessory pathways,
17 patients hadmanifest accessory pathways, and 2 had decremental
conduction properties (Mahaim accessory pathways). Fig 4 illus-
trates accessory pathway localisation and the source of energy used
for ablation procedures. Mahaim potentials are illustrated in Fig 5.

All ablation attempts related to accessory pathways were
successful; recurrence was observed in five (18.5%) accessory path-
way ablations. Long-term follow-up was achieved in all patients,
with a median of 6.26 (range, 1–17) years after the first procedure.
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Figure 1. Patient with multiple accessory pathway (AP). Activation mapping presented continuous activity and earliest ventricular activity in the posterior to postero-
septal area, that is, −45 ms earlier than surface delta wave. Ablation catheters have smaller A and larger V on distal, and larger A and smaller V on proximal electrode
recordings to assure a true atrioventricular groove.

Figure 2. Distal electrode of map-
ping catheter reveals continuous
activity in the posteroseptal region.
Ventricular activity −35 ms earlier
compared to surface ECG. Unipolar
recording shows a nice QS pattern.
Ablation was successful with a
6-mm tip, F3 curve cryoablation
catheter.
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The 1-year, 4-year, and 5-year arrhythmia recurrence rates were
15, 19, and 19%, respectively. Recurrence was observed in a
posterolateral location in one patient and posteroseptal loca-
tions in four patients. Recurrences depending on the energy
or catheter choice and localisation were one for cryoablation
in the posteroseptal region (1/2), one for irrigated saline infu-
sion in the posteroseptal region (1/7), and the remaining with
standard radiofrequency ablation catheters (3/17) at two poster-
oseptal and one posterolateral region. Intraprocedural recur-
rence was observed in three cases, all at the posterolateral
position. For the intraprocedural recurrences, bonus lesions
were applied in two patients from the more atrial/ventricular
part of the accessory pathway, while, for the remaining patients,
the catheter was replaced with an irrigated saline catheter. There
were no post-procedural recurrences observed in any of the
patients with intraprocedural recurrences. Ablations with
saline-irrigated infusions were preferred in nine of the proce-
dures; three were recurrent cases and two were atrial flutter.
There was only one recurrence observed in ablations for acces-
sory pathways performed with saline-irrigated catheters in the
posteroseptal region. A steerable long sheath was used during
three accessory pathway ablation procedures: two at the post-
erolateral and one at the posteroseptal position. Two of the pro-
cedures were recurrent cases. There were no reoccurrences
detected in these cases.

Ablation for atrial flutter was performed in five procedures for
four patients. All patients in this group had a prior history of
cardiovascular surgery except one. Tricuspid valve replacement
was performed in two patients and valve repair for the remaining
one. Scar-related macro re-entry was observed in four procedures

and cava tricuspid isthmus-dependent re-entry was documented in
three procedures. The non-operated patient presented with cava
tricuspid isthmus-dependent re-entry and was ablated success-
fully. In one patient with multiple re-entries, there were two differ-
ent macro re-entries that were both scar- and cava tricuspid
isthmus-related. In this patient, the scar-related re-entry could
be ablated successfully in the posterolateral region of right atria.
Although ablation was unsuccessful in the cava tricuspid isthmus-
dependent macro re-entry, arrhythmia control was achieved dur-
ing follow-up. In that particular patient, cava tricuspid isthmus line
ablation attempted completion by passing into right ventricle
through the mechanical atrioventricular valve. Although energy
delivered by irrigated tip catheters formed both the atrial and ven-
tricular sides of the valve, tissue under the ring of the valve could
not be ablated successfully. Malfunction of the mechanical valve
was not detected after the procedure and for 2 years of follow-
up. In the remaining two patients with a history of surgery, ablation
attempts were unsuccessful.

Ablation for focal atrial tachycardia was performed in one
patient, as a coexistent arrhythmia originating from terminal crest
of right atria was successfully ablated. The other case of atrial
tachycardia originating from the septal region of atria could not
be ablated successfully due to risk of atrioventricular block.

The preferred energy for ablation was radiofrequency for
most of the procedures; however, cryoablation was applied on
only five occasions. Cryoablation was preferred for posterosep-
tal and midseptal localisation for accessory pathways, and for
slow pathway ablation in one atypical and two typical atrio-
ventricular nodal reentrant tachycardia cases. Only one recur-
rence was observed in a patient with an accessory pathway

Figure 3. ECG of patients with multiple
accessory pathways: (a) pre-procedural
recording with delta wave and (b) delta
wave disappears after first accessory
pathway (AP) ablation in the postero-
septal region. Note that right bundle
branch block (RBBB) is still not visible.
(c) Elimination of second AP localised
in the posterolateral region to unmask
RBBB, which is a typical finding in most
cases with Ebstein’s anomaly.
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with a posteroseptal localisation. In that particular patient, the
accessory pathway was probably epicardially located because,
during cryo-energy delivery, the accessory pathway disappeared
after 15 seconds of energy given for 360 seconds in the first epi-
sode. Thereafter, elimination of the accessory pathway could be
achieved by switching directly to saline-irrigated radiofre-
quency ablation.

No permanent or life-threatening complications were observed
in these patients. Two (6%) transient complications were observed
during the procedures, and these complications occurred during
atrioventricular nodal reentrant tachycardia ablations with cryo-
energy as a temporary atrioventricular block that disappeared fol-
lowing cessation of cryoablation.

Discussion

This report describes the procedural characteristics and long-term
outcomes of patients with Ebstein’s anomaly who underwent
ablation procedures for different types of arrhythmias. Although
studies on the ablation results of adult patients with Ebstein’s
anomaly and arrhythmias have been reported,13,14 limited studies
are available in children with Ebstein’s anomaly.8,15 Although the

prevalence of accessory pathways does not change over time, atrial
dilatation, incisional scars, maze, and ablation proceduresmay lead
to an increased incidence of atrial arrhythmias, with increasing
age.10 Multiple accessory pathways were reported at a rate of
3.1–13.8% during ablations in patients with WPW syndrome 16.
Incidence of multiple accessory pathways increase up to 29% in
patients with Ebstein’s anomaly. Unlike these data in the present
study, we observed much lower incidence (7%) of multiple acces-
sory pathways, but experienced coexistent arrhythmia in 15% of
the cases, as expected in this environment suitable for development
of arrhythmia.

Different pathologic features of the right atrium led to lower
ablation success and higher recurrence rates. Pathologic examina-
tions of patients with Ebstein’s anomaly revealed that the presence
of an atrioventricular groove ridge is associated with accessory
pathways, especially in close relation with the right coronary
artery.16 The ridge region is a difficult target for catheter stabilisa-
tion and may require additional equipment to obtain successful
results. This ridge is located in the posterior and septal part of
the atrioventricular groove and is reported to have microscopic
muscular connections between the atria and ventricle.6,17 As men-
tioned by Sacher et al,18 steerable sheaths improve stability, and
irrigated tip catheters safely deliver more energy to the tissue.
Regarding our clinical experience in this study, although we pre-
ferred long and steerable sheaths on rare occasions, these items
may facilitate the procedure, especially in large atria or in the case
of posterolateral or free wall localisation. In two cases, these
sheaths enabled successful ablation when catheters could not be
stabilised in particular regions. Besides, we did not observed any
recurrences in that particular group of patients, which may be
related to the stable catheter position that enables precise and
deeper lesions. But in this is retrospective study with limited num-
ber of procedures, we did not have the opportunity to perform a
statistical analysis of this data.

The recurrence rate for the accessory pathways was observed
to be 80% in the posteroseptal region. A high incidence of recur-
rences in that particular region may be related to the preventive
approach in children, with approximately 3% at risk for devel-
opment of atrioventricular block, and the nature of the localisa-
tion, even in structurally normal hearts, with the high incidence
of recurrences (14%).19

Tall and broad P waves, a prolonged PR interval, and right bun-
dle branch block pattern are common features of electrocardio-
graphs in Ebstein’s anomaly, and the absence of right bundle
branch block in sinus rhythm is an indicator of the presence of
an ipsilateral accessory pathway.20 In patients with multiple acces-
sory pathways, which are not a rare situation in Ebstein’s anomaly,
after successful ablation of an accessory pathway, electrophysiolo-
gists should seek development of right bundle branch block. In
cases such as those demonstrated in Fig 3, after ablation of an
accessory pathway, the electrocardiogram may present with a pro-
longed PR interval, but this situation does not rule out the elimi-
nation of all accessory pathways. During ablation procedures,
especially for patients with Ebstein’s anomaly after each successful
ablation, electrophysiologic study should again be performed, not
only to evaluate success, but also to evaluate for concealed accessory
pathways and coexistent arrhythmia, as we observed in 15% of our
cases. As a part of an accessory pathways, Mahaim (atriofascicular)
pathways are also reported in the literature.20 As we experienced
and presented in Fig 5, these types of potential substrates should
be evaluated, and due to decremental conduction properties, special
attention should be given to detect these types of phenomena.

Table 1. Underlying arrhythmias in Ebstein anomaly.

Arrhythmia Number of procedures

Accessory pathway 27

Manifest 17

Concealed 10

Atrial flutter 5

AVNRT 5

Atrial tachycardia 2

Table 2. Procedures of multiple arrhythmia mechanisms.

Arrhythmia

Multiple accessory pathway 2

AVNRT, atrial tachycardia 2

Accessory pathway, atrial flutter 1

Accessory pathway, AVNRT 1

Figure 4. Localisation of accessory pathways.
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As previously reported byWei et al, the prevention of recurrences
may also be achieved by the creation of lesions that are closer to the
anatomic atrioventricular groove. The true and anatomic atrio-
ventricular grooves may be identified by intracardiac potentials or
echocardiography in complex anatomy.21 Intracardiac echocardio-
graphic catheters may be large for small-sized children but would
be helpful in appropriate situations. This is why we aimed to have
smaller A and larger V on distal recordings, and larger A and smaller
V on proximal recordings of ablation catheters with larger atrial
potentials, as seen in Fig 1.22Additionally, the presence of broad bands
of muscle running within the atrium that are not related to accessory
pathways have been reported by Marcondes et al16 They can lead to
unusual local potentials and early activation areas that create confu-
sion when using activation mapping systems.

A substrate of epicardial accessory pathway conduction around
the coronary vein was also documented by Marcondes16 in patho-
logic specimens of patients with Ebstein’s anomaly. This finding
may be another factor responsible for the high recurrence rate
in this particular group of patients, as we experienced 80% of
the recurrences in that particular region. Using irrigated tip cath-
eters may overcome this situation, although we also experienced
only one recurrence (of seven procedures) with irrigated tip cath-
eters in the posteroseptal region. The localisation of the pathway
was not of concern regarding the preference for irrigated tip cath-
eters, as energy was applied in the posterolateral, free wall, and
posteroseptal regions, even with a coronary sinus localisation,
without any complications. The safety and efficacy of irrigated
tip catheters have been shown in previous studies, even in the
paediatric age group.23 Irrigated tip catheters create deeper lesions
that are a desired effect of the catheter but may cause undesirable
complications related to the coronary arteries. The close relation of
the right coronary artery with the ridge present in the right atrium
of patients with Ebstein’s anomaly may lead to coronary lesions
during irrigated tip energy application. It is known that arterial
injury is directly proportional to the vessel-catheter distance and

inversely to the size of the artery. Close attention should be taken,
in especially in young patients. This undesirable effect may be pre-
vented by the implementation of a power-controlled conservative
protocol.23 We followed patients with changes on 12-lead electro-
cardiogram due to coronary injury, and coronary artery angiogra-
phy was not required in any of the cases. The operator should
consider that, even without symptoms, coronary artery damage
may occur. We did not experience such a complication in that par-
ticular region, but also, we did not perform routine coronary artery
angiography, since none of the patients had the clinical picture or
electrocardiographic changes referring to coronary injury or myo-
cardial ischemia.

Cryoablation has been shown to be safe and efficient for the
ablation of accessory pathways, especially those close to the normal
conduction tissues, septal regions, and parahisian area.24,25

Cryoablation has additional advantages beside safety, such as
adherence to the tissue. Adherence of the catheter provides stabil-
ity at the target point. This may be important for both the parahi-
sian and posteroseptal regions by preventing complications due to
movement of the catheter, and in places where it is difficult to sta-
bilise the catheter, such as a posterolateral or free wall localisation.
We preferred cryoablation for the posteroseptal region and atrio-
ventricular nodal reentrant tachycardia ablations. Although recur-
rences seem to be slightly higher,26 due to safety concerns, we
prefer to use cryoablation as much as possible in the paediatric
age group.

In children with Ebstein anomaly, arrhythmias related to the
accessory pathways are much more common. However, atrial
arrhythmias are rare compared to the adult population, although
these types of arrhythmias may develop during childhood, espe-
cially in post-operative patients and patients with severe tricuspid
regurgitation leading to right atrial enlargement. Prophylactic
ablation during surgery is recommended in adolescents and adults
undergoing surgery for structural problems; however, there is not
enough data for this procedure in neonates and infants.27 In our

Figure 5. (a) Ablation of a Mahaim accessory pathway by determining the Mahaim potential at the right lateral region during atrial fibrillation episode induced by catheter
manipulation repeatedly and necessitating multiple cardioversions. (b) Restoration of sinus rhythm after successful cardioversion with RBBB. Arrows.
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series, we had five procedures with atrial flutter. Most of the
patients were operated on and two had tricuspid valve replacement
with mechanical valves. Cava tricuspid isthmus line ablation could
not be completed in these patients due to loss of tissue contact
beneath the mechanical valve that led to unsuccessful ablation pro-
cedures. In such patients undergoing mechanic valve replacement,
surgical ablation may be performed, especially for the cava tricus-
pid isthmus, even if they are asymptomatic. Besides anatomical
boundaries due to mechanical valves, mapping procedures in pre-
vious eras were insufficient when compared to today’s technology.
Multipolar mapping catheters developed by several companies
enable much more detailed information about scar tissues and
arrhythmia substrates, providing successful ablation procedures
for these patients with enlarged atria with potential substrates
for re-entries.28

Conclusion

Although almost all types of arrhythmias may be seen in children
with Ebstein’s anomaly due to the nature of the disease, arrhyth-
mias related to accessory pathways are much more common.
Ablation of accessory pathways has high success rates, but also rel-
atively high recurrence rates, whereas ablation of atrial arrhyth-
mias has lower success rates, especially in operated patients.
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