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Abstract
Introduction Definitive therapy of idiopathic right ventricular
arrhythmias (VA) remains a challenge in interventional elec-
trophysiology. The aim of this study was to evaluate the utility
of EnSite Velocity system in the catheter ablation of RV tachy-
cardia in children.
Methods Thirty-five children with idiopathic right VA
underwent catheter ablation procedure using the EnSite
Velocity system guidance.
Results The mean patient age was 12.0 ±3.7 years and the
mean patient weight was 43.6±18.7 kg. The origin of right
VA was divided into right ventricular outflow tract (RVOT)
(30 patients) and other right ventricular localizations (five pa-
tients). The mean procedure and fluoroscopy times were 175
±67 min and 2.35±1.89 min, respectively. No fluoroscopy
was used in 19 patients. Acute success was achieved in 29
patients (83 %). The focus of VAwas epicardial in three failed
procedures. Cryocatheter (6-mm or 8-mm tip) was used in six
patients, radiofrequency ablation (RFA) (4-mm or 8-mm tip)
in 26 patients, and 4-mm tip irrigated RFA in three patients.
During a mean follow-up of 15.9± 7.1 months, ventricular
tachycardia recurred in six patients (20 %). There were three
complications (transient atrioventricular block developed in
one patient during parahissian cryoablation and two patients
developed transient complete right bundle branch block).
Conclusions Catheter ablation of idiopathic right VA in chil-
dren can be performed safely and effectively with limited
fluoroscopy using the EnSite Velocity system.
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1 Introduction

Idiopathic ventricular arrhythmia (VA) is a clinical entity ob-
served in children and adults without any structural heart dis-
ease detected by conventional diagnostic evaluations.
Idiopathic VA has been reported to have a good prognosis,
but there is a small risk of sudden cardiac death or congestive
heart failure [1]. Most of the data from the electrophysiolog-
ical findings of idiopathic VA have been obtained from adult
patients [2]. In children, the reported experience of catheter
ablation using electroanatomical mapping systems in idio-
pathic VA is limited.

There are few studies of catheter ablation of idiopathic VA
in pediatric populations [3–7]. These studies focused on out-
flow tract VAs. However, in this study, we report our experi-
ence of ablation of idiopathic right VAs using EnSite Velocity
system to limit or eliminate radiation exposure. The aim of this
study was to review the clinical picture of idiopathic VA and
evaluate the efficacy and safety of catheter ablation therapy of
idiopathic right VA using EnSite Velocity system in children.

2 Methods and materials

2.1 Study population

This is a single-center study performed in children with idio-
pathic right VA between July 2012 and January 2015. All
patients underwent non-invasive cardiac evaluation including
history (family history of sudden cardiac death), physical ex-
amination, resting 12-lead ECG, ECG-Holter recording,
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exercise test, and echocardiography before the procedure.
Indications for ablation in children with idiopathic right VA
were episodes of symptomatic ventricular tachycardia, fre-
quent VA burden with ventricular dilation or dysfunction,
VA in suspected arrhyhtmogenic cardiomyopathy, and VA
increased or unsuppressed with exercise. Idiopathic VA was
defined as VT or premature ventricular complexes (PVC)
without structural heart disease or any identifiable predispos-
ing causes [8]. VT was defined as three or more consecutive
ventricular beats at a rate >120 bpm [9]. EnSite Velocity sys-
tem (St. Jude Medical, St Paul, MN, USA) was used to facil-
itate mapping and to reduce or eliminate the fluoroscopy.

2.2 Electrophysiologic study and ablation

All patients and/or their legal guardians gave verbal and writ-
ten consent for the procedure. Antiarrhythmic medications
were discontinued at least five half-lives before electrophysi-
ological procedure. Deep sedation without intubation using
propofol infusion with occasional combinations of ketamine,
midazolam, and meperidine were used during majority of the
procedures. For adolescent patients, procedures were started
with midazolam in order to prevent suppression of VA with
deep sedative agents.

The procedure was started without using fluoroscopy by
inserting a 7-Fr sheath into the right femoral vein and two 5- or
6-Fr sheaths into the left femoral veins. A steerable
quadripolar catheter was positioned in the right atrium.
Following electroanatomical reconstruction of cardiac anato-
my including the right atrium and coronary sinus, a steerable
decapolar catheter was inserted into the coronary sinus for a
positional reference. All patients underwent a basic electro-
physiological study. The 12-lead ECGs of all patients were
reviewed for any ventricular ectopy and non-sustained or
sustained VT in order to ensure that the targeted morphology
was identical to the clinical morphology. Activation and pace
mappings were utilized as needed. If spontaneous arrhythmia
was not present during the procedure, appropriate pacing ma-
neuvers (burst and programmed stimulations from both the
atria and ventricle) and if necessary, orciprenaline bolus and
dobutamine infusion at low doses (5 mg/kg/min) were used in
some cases. The ablation site was chosen when local activa-
tion time preceded the surface QRS complex by 20–50 ms,
and the QS morphology was with steep negative deflection
was observed in the unipolar recording from the catheter tip
(Fig. 1). In addition to three-dimensional activation mapping,
pace mapping was also used during the electrophysiological
study. Acute ablation success was defined as a lack of induc-
ibility of VT or absence of ectopic beats with and without

Fig. 1 Catheter ablation of right ventricular outflow tract (postero-lateral) premature ventricular complexes and activation mapping using the EnSite
Velocity system. Note to the best unipolar signals (arrow) where ablation was successfully performed. Red lesions points to the ablation site
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electrophysiologic stimulation and orciprenaline bolus imme-
diately and 30 min after the last energy application. If the
endpoints were achieved, the procedure was terminated and
catheters were removed.

In regions in close proximity to the His bundle,
cryoablation (Freezor Cryocath, Medtronic, Inc.,
Minneapolis, USA) was utilized. In other regions, radiofre-
quency energy (RF Mariner 4 mm and 8 mm catheters,
Medtronic, Inc., Minneapolis, USA) was used. In patients
with ineffective ablation with RFA and suspected epicardial
origin, irrigated RF catheter ablation was used. Epicardial VA
was suspected when there was a prolonged precordial maxi-
mum deflection index (MDI >0.55) along with ineffective
cryo or RF ablation result [10].

2.3 Follow-up

All patients underwent continuous telemetrymonitoring, a 12-
lead ECG, 24-h ECG-Holter, and if necessary echocardiogra-
phy before they were discharged. All patients were hospital-
ized for 1 day following the ablation procedure. Patients were
assessed at 10 days and 3 and 6 months after the procedure
and then every 12 months. At each visit, 12-lead ECG and 24-
h ECG-Holter recordings were performed.

2.4 Statistical analysis

Data were analyzed using SPSS software version 15.0 (SPSS,
Chicago, IL, USA) and presented as mean±standard deviation
and median± interquartile range in normal distributed and non-
normal distributed patients, respectively. The distribution of the
variables was analyzed with the Kolmogorov–Smirnow test.

3 Results

Demographic and clinical characteristics of the study popula-
tion are depicted in Table 1. The mean patient age and weight

were 12.0±3.7 years and 43.6±18.7 kg, respectively. Most of
the patients were symptomatic and palpitation was the most
common symptom (Table 1). Mean PVC burden in a 24-h
ECG-Holter was 36±10 %.

3.1 Electrophysiologic study and ablation

Idiopathic PVC/VT originated from the right ventricular out-
flow tract (RVOT) in 30 patients and from other RV regions in
five patients. Four patients had epicardial origin of VA.
Radiofrequency energy application was applied in the major-
ity of patients (Table 2). Irrigated RF was used only in three
patients. The median number of energy applications was 9.5
(min 1, max 34 lesions). Mean local early activation time was
35.1±9.4 ms. Fluoroscopy was used in 16 patients and the
mean fluoroscopy time was 2.35±1.89 min. The mean proce-
dure duration was 175±67 min. Acute procedural success
was achieved in 29 patients (83%) (Table 2). There were three
complications during the procedure: one was transient com-
plete AV block during ablation of parahissian VA, and the
other two were development of transient complete RBBB.

Ablation failed in six patients (Table 3). The location of
VA was epicardial in 3 of 6 (50 %) failed procedures. In
two patients, the origin of VA was adjacent to the His
bundle and RF or irrigated RF ablation was not preferred
to prevent injury to the bundle. In one patient, right ven-
tricular outflow tract ablation failed and due to the age and
weight (5 years, 20 kg) retrograde approach via aorta was
not done to assess the possibility of left ventricular out-
flow tract focus. The majority of the patients with failed
procedures were males (Table 3).

Table 1 Demographic
and clinical
characteristics of the
study population

Age (years) 12.0 ± 3.7

Weight (kg) 43.6 ± 18.7

Male/female (n) 21/14

Symptoms (%)

Palpitation 50

Syncope 14

Chest pain 25

Dyspnea 11

PVC/VT (n) 20/15

PVC burden in 24 h (%) 36 ± 10

PVC premature ventricular complex, VT
ventricular tachycardia

Table 2 Procedural data of the study population

Localization (RVOT/RV) 30/5

Endo/epi localization 31/4

Catheter type

RFA (4 mm/8 mm) 25/1

CRYO (6 mm/8 mm) 5/1

Irrigated RFA 3

No. of RFA/CRYO applications, median (range) 9.5 (1, 34)

CL of VT (ms) 412 ± 75

Procedure duration (min) 175 ± 67

Fluoroscopy time (min) 2.35 ± 1.89

Acute procedural success 29/35 (83 %)

Follow-up duration (months) 15.9 ± 7.1

Recurrence rate 6/29 (20 %)

Complications (n) 3

RVOT right ventricular outflow tract, RV right ventricle, RFA radiofre-
quency ablation, CRYO cryoablation, CL cycle length
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3.2 Follow-up

During a mean follow-up of 15.9±7.1 months, VA recurred in
six patients (20 %). Of the patients with recurrence, only one
patient underwent repeated ablation with irrigated RF cathe-
ter; however, the rest of the patients (five patients) were treated
with antiarrhythmic drugs.

4 Discussion

This study demonstrates that catheter ablation of idiopathic
right VA in children can be performed with very low fluoros-
copy exposure using an electroanatomical system guidance. In
our study, fluoroscopy was used in only 16 patients and the
mean fluoroscopy time was lower compared to what is report-
ed in previous but not all studies [7, 13].

The incidence of VA in children is low (0.2–0.8 per 10,000
children in school-based heart screening) compared to that in
adults and the most of the pediatric cases are idiopathic without
an underlying heart disease [1, 11]. Most of the VAs originate
from right ventricle in children. There are many studies of right
ventricular tachycardia in adult patients, however relatively few
data on the electrophysiological findings have been reported in
pediatric patients. Catheter ablation is a therapeutic option with
the possibility of complete elimination of the idiopathic VA. The
largest VT study in pediatric patients was reported by
Pfammatter et al. [1]. They concluded that most of the VA in
children originated from the RVOT (70%). In our study, similar
to the literature, RVOT was the most common origin of idio-
pathic right VA (85 %). Acute and chronic success rate of abla-
tion varies in pediatric patients. With conventional and
electroanatomical mapping systems, acute success rate of abla-
tion varies between 60 and 90 % [3–7, 12]. The earliest data
were reported by Smeets et al. [3] and in that study, ablation was
performed in six children and was successful in 5 (83 %).
Morwood et al. [12] reported a long-term success rate of catheter
ablation of 60 % in children and young adults with idiopathic
right and left VT using conventional mapping techniques.
However, with the help of new mapping and ablation

techniques, success rate has improved. Studies performed
among children showed a success rate of 60%with convention-
al ablation methods and up to 90 % with the use of
electroanatomical mapping systems (EnSite and CARTO)
[4–7, 12–14]. In our study, acute success rate was similar to
the literature (acute procedural success of 83 %).

Acute success with non-contact mapping system is higher
than both electroanatomical and conventional systems.
Friedman et al. [15] reported successful ablation in 9 of 10
adult patients (90 %) with RVOT VT with non-contact map-
ping technique. Schneider and colleagues [4] also demonstrat-
ed a high acute success rate (94 %) in children. A comparative
study between non-contact and conventional mapping in
adults with RVOT VT demonstrated a higher success rate of
100 % with only one recurrence in the group treated with non-
contact mapping versus 71.5 % acute success in the group in
whom conventional mapping was performed [16]. However,
in pediatric patients the main limitations of non-contact map-
ping are the requirement of a larger sheath, the need of careful
anticoagulation and a large stiff-mapping balloon, all which
lead to difficulty of application in younger children.

The main causes of failed VA ablation and high recurrence
rates can be listed as follows: (a) the inability to find the critical
ablation zone using conventional mapping due to lack of suffi-
cient ventricular ectopy, (b) high-risk localization of VA origin
near His region, (c) deep endocardial and epicardial localization
of VA origin, (d) inability to perform ablation because of unsta-
ble VT, (e) multifocal origin in some patients, and (f) insufficient
evaluation before the procedure in small number of patients who
might have underlying disease like structural heart disease and/
or genetic rhythm disorders. Some important clues to achieve
higher success rate of ablation include the use of irrigated tip RF
catheter, targeting unipolar electrocardiograms, epicardial access
via subxiphoid puncture, and utility of electroanatomical sys-
tems. Of these clues, the usefulness of unipolar potential for
targeting the successful ablation site has been demonstrated.
QS-pattern V-uni is a simple, very useful sign, and should be
closely scrutinized when determining the optimum target site. In
patients with idiopathic outflow tachycardia, the incidence of a
QS-pattern ventricular unipolar potential at the successful

Table 3 Demographic and
procedural characteristics of
patient with unsuccessful ablation

Pt Age (years) W (kg) Gen PVC/VT (%) Localization Endo/epi Catheter

1 16 35 M 8 PVC RVOT parahis endo Cryo 6 mm

2 14 25 M VT RVOT post-lat epi RF 4 mm

3 17 65 M 18 PVC RV basal epi Irrig. RF

4 13 25 M 20 PVC RVOT parahis epi Cryo 6 mm/RF 4 mm

5 9 38 F 45 PVC RVOT parahis endo Cryo 6 mm/RF 4 mm

6 5 20 M VT LVOT (?) endo RF 4 mm

Pt patient, W weight, Gen gender, PVC premature ventricular complex, VT ventricular tachycardia, M male, F
female, RVOT right ventricular outflow tract, LVOT left ventricular outflow tract, RF radiofrequency, Cryo
cryoablation
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ablation sites was 100% and at the unsuccessful sites was 25%.
Soejima and colleagues [17] found sensitivity and specificity of
QS unipolar in RVOT patients as 100 and 89 %, respectively
[17]. During our early experience, we did not use unipolar elec-
trocardiograms for ablation of the idiopathic VT, thereby possi-
bly reducing procedural success. In the last few years, we rou-
tinely use unipolar electrocardiograms.

In our study, the common feature of children with failed
procedure was presence of male gender, near the His bundle
localization, and epicardial origin. Tanaka and colleagues [18]
demonstrated similar results in adult patients with idiopathic
VA; they found gender and localization differences in terms of
predictors of a successful catheter ablation. In a univariate
analysis, female gender, in contrast to our study, and near
the His bundle localization of VA were predictors of unsuc-
cessful catheter ablation, however in the multivariate analysis,
both findings did not reach statistical significance. Epicardial
origin of VA is another important cause of unsuccessful abla-
tion [18]. In an adult study performed by Tung et al. [19],
acute success rate of epicardial ablation in patients with idio-
pathic ventricular arrhythmias was found as 50 %. Successful
endocardial ablation was achieved in 3 of 6 patients with epi-
cardial foci in our study. However, we did not attempt to
proceed with epicardial ablation in the failed ones.

5 Limitations

Several limitations need to bementioned. First, this is a single-
center study with a small sample size of patients; however
most of the pediatric studies reported have smaller sample
sizes. Patients with VA comprise only about 1.8 % of children
undergoing ablation; therefore it is difficult to obtain larger
pediatric cohorts [20].

6 Conclusions

Catheter ablationof idiopathicVAs inpediatric populationcanbe
performed safely and effectively with very limited fluoroscopy
usingtheEnSiteVelocitysystem.Proceduralsuccessofepicardial
origin or parahissianVA is substantially low and new procedural
techniques (mapping and ablation) need to be improved.
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