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Abstract. Background: Radiofrequency (RF) catheter
ablation has been widely and successfully employed
to cure adult and pediatric patients of a variety of
arrhythmias. Only limited data exist which compare
the results in these two groups. The aim of this study
was to compare the efficacy and safety of RF catheter
ablation in pediatric versus adult patients performed
by an adult electrophysiology (EP) team.

Methods: The study group included 327 consecutive
pediatric (n¼47) and adult (n¼280) patients, aged 7–82
years (mean 40�19), with symptomatic tachyarrhyth-
mias, who underwent RF ablation during the last 6
years. All but ten patients underwent a full EP study
during the same session. Procedures were performed
in all but five patients with use of local anesthesia and
deep or light sedation. The left heart was approached
with use of transaortic (n¼36) or transseptal (n¼55) or
both (n¼6) techniques. RF ablation was performed for
manifest or concealed accessory pathways in 132
patients, AV nodal slow pathway in 119, atrial tachy-
cardia in 24, atrial flutter in 15, atrial fibrillation in
one, ventricular tachycardia in 29, and AV node=His
bundle in 7 patients.

Results: RF ablation was successful in 271 (96.8%)
patients in the adult group and in all patients (100%)
in the pediatric group, with a mean of 15�18 (median:
8) vs 12�10 (median: 8) RF applications respectively
(P¼NS). Complications occurred in four patients
(1.4%) in the adult group and in one patient (2.1%) in
the pediatric group (P¼NS). Fluoroscopy time aver-
aged 43�40min vs 39�27min and procedures lasted
for 3.0�1.9 hours vs 2.8�1.4 hours respectively
(P¼NS). During long-term follow-up of 25�19
months, there were 12 (4.4%) recurrences among the
adult patients, and three (6.4%) recurrences in chil-
dren, with nine of them successfully treated with
repeat RF ablation. Procedural variables were depen-
dent on the type of arrhythmia ablated, rather than on
patient’s age. Patients with multiple accessory path-
ways or atrial flutter required the greatest number of
RF applications and the longest fluoroscopy exposure
and duration of the procedure; the lowest values of
these variables concerned ablation of the slow AV
nodal pathway or the AV node=His bundle.

Conclusion: RF ablation in adult and pediatric
patients performed by an adult EP team is equally
efficacious and safe offering cure of symptomatic
cardiac tachyarrhythmias in both patient popula-
tions.
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Introduction

Radiofrequency (RF) catheter ablation has been
widely and successfully employed to cure adult
and pediatric patients of a variety of cardiac
arrhythmias [1–21]. Few data have been avail-
able in the literature comparing RF ablation
procedures in adult and pediatric patients
[22,23]. Thus, the aim of this study was to
compare the efficacy and safety of RF ablation
in a consecutive series of 327 adult and pediatric
patients at our institutions performed by an adult
electrophysiology (EP) team.

Patients and Methods

Patients
The study included 327 consecutive adult
(n¼ 280) and pediatric (n¼ 47) patients under-
going RF catheter ablation in our institutions
over the last 6 years (Table 1). These were 175
male and 152 female patients, aged 7 to 82 years
(mean 40� 19), who underwent RF ablation for
diverse symptomatic supraventricular tachyar-
rhythmias including atrioventricular (AV) nodal
reentrant tachycardias, tachyarrhythmias related
to accessory pathways causing manifest or con-
cealed preexcitation, antidromic tachycardia
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involving an atriofascicular pathway, atrial
tachycardia, atrial flutter, atrial fibrillation, and
ventricular tachycardia. Procedures were per-
formed in all but five patients with use of local
anesthesia and deep or light sedation. In five
pediatric patients general anesthesia was
employed. The left heart was accessed with use
of transaortic and=or transseptal techniques.
Electrophysiologic testing and RF ablation were
performed during the same session in all but 10
patients. All procedures, including those in pedia-
tric patients, were performed by electrophysiolo-
gists of the adult EP service. All patients or
patients’ parents gave informed written consent
for the procedures. Procedures were performed in
two institutions, of which one has both an adult
and a pediatric cardiovascular surgery service, as
well as a pediatric cardiology service, while the
other one (where mostly older children and
adolescents were treated) has a thoracic surgery

service; both institutions have facilities for pedia-
tric anesthesia.

Patients presented with recurrent episodes of
palpitations (n¼ 194), palpitations andpresyncope
(n¼ 91), palpitations and syncope (n¼ 29), hemo-
dynamic collapse (n¼ 2), or cardiac arrest (n¼ 6),
while three patients presented with symptoms of
heart failure and two patients were asymptomatic.
Presenting arrhythmias included narrow-complex
tachycardia (n¼ 230), wide-complex tachycardia
(n¼ 61), narrow- and wide-complex tachycardia
(n¼ 9), chronic (n¼ 6) or paroxysmal (n¼ 2) atrial
fibrillation, syncope (n¼ 2) or palpitations (n¼ 16)
with no documented arrhythmia (14 had manifest
preexcitation), or asymptomatic preexcitation
syndrome (n¼ 1). The electrocardiogram had
shown a Wolff–Parkinson–White pattern during
sinus rhythm in 101 patients. Incessant tachycar-
dia was the presenting arrhythmia in 8 patients,
one of whom was asymptomatic.

Patients aged older than 18 years (n¼ 280)
constituted the adult group with an age range
from 19 to 82 years, and patients aged �18 years
(range, 7–18 years) (n¼ 47) were considered as
pediatric patients. Initial results from part of the
pediatric group have already been described [17].
The mean age of the adult group was 45� 16
years (median: 45) and of the pediatric group
14.5� 3.0 years (median: 15); 16 pediatric
patients (34%) were aged �13 years. The pedia-
tric group constitutes 14.4% of all patients under-
going RF ablation in our institutions. This series
does not include any pediatric patients having
congenital heart disease.

Electrophysiologic Study
The diagnostic electrophysiologic (EP) study was
performed in the fasting state after all antiar-
rhythmic agents had been discontinued for at
least five drug elimination half-lives, except for
a patient with atrial tachycardia and three
patients with ventricular tachycardia, who were
kept on antiarrhythmic agents for rate control.
Routinely, three 5F or 6F quadripolar electrode
catheters were introduced from the left femoral
vein and with fluoroscopy guidance were posi-
tioned at the high right atrium, across the tricus-
pid valve for His bundle recording, and at the
right ventricular apex. Either a 5F quadripolar or
a 6F steerable quadripolar catheter was placed in
the coronary sinus from the right femoral vein.
Standard recording methods, programmed stimu-
lation techniques, protocols and definitions were
employed [1–5,8–17].

Ablation Procedure
After completion of the electrophysiologic study, a
6F or 7F steerable quadripolar deflectable-tip

Table 1. Clinical and procedural characteristics of 47
pediatric and 280 adult patients undergoing radiofrequency
(RF) catheter ablation

Children Adults

Patients 47 280
age (years) 14.5�3.0 45�16
male=female 33=14 142=138

Presenting symptoms
palpitations 24 173
presyncope 14 77
syncope 5 24
collapse=cardiac arrest 2 6
none 2*

Presenting arrhythmia
narrow-QRS tachycardia 31 208
wide-QRS tachycardia 11 49
both 2 7
syncope 2
none=unknown 1 16

SVT=VT, cycle length (ms) 306� 52 342� 64

Ablation target
accessory pathway 26 106
slow pathway 16** 104
atrial focus 2 38
ventricular focus 4 25
AVN=HB 7

Successful ablation 47=47
(100%)

271=280
(96.8%)

AVN=HB¼AV node-His bundle; SVT¼ supraventricular
tachycardia; VT¼ ventricular tachycardia.
*One patient with incessant ventricular tachycardia and
tachycardic myopathy and one patient with asymptomatic
Wolff–Parkinson–White syndrome.
**One patient had both accessory and slow pathway ablation.
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catheter with a 4-mm distal electrode and 2-5-2-
mm interelectrode spacing (Cordis-Webster,
Baldwin Park, CA) was employed for precise
mapping and subsequent ablation with delivery
of radiofrequency current. The transseptal
approach for obtaining access to the left heart
was used for ablation of left-sided accessory path-
ways [19] in 48 patients, and of left atrial foci in
eight patients. The transaortic technique for
ablation of left-sided accessory (n¼ 21) or slow
AV nodal (n¼ 1) pathways was employed in 22
patients, and for ablation of ventricular foci in 14
patients. Both techniques were employed in six
patients with accessory pathways. Patients
undergoing ablation of a left-sided arrhythmia
focus received anticoagulation with heparin.

A conventional electrosurgical unit (Osypka
200S or Osypka 300 or Atakr-Medtronic) was
used to generate RF current at a frequency of
500 kHz. The RF current was delivered between
the distal electrode and a cutaneous indifferent
dispersive pad positioned on the posterior thorax
or left thigh. Once the target site was identified,
20–50 Watts of RF energy was delivered via the
ablation catheter. In 233 patients, RF ablation
was guided by monitoring the temperature at the
catheter tip, which was limited to maximum
70�C. If loss of preexcitation (in case of manifest
accessory pathways) or termination of the tachy-
cardia (in case of concealed accessory pathways
or atrial tachycardia) or accelerated junctional
rhythm (in case of slow pathway ablation in
patients with AV nodal tachycardias) occurred
within 5–15 sec, the RF current application was
continued for 30 sec, otherwise it was stopped and
attempts of mapping and ablation continued. If
impedance rose during ablation, RF application
was interrupted, the catheter was removed and
cleaned prior to reinsertion. Half-an-hour to 1
hour after ablation, programmed stimulation
was repeated with and without the infusion of
isoproterenol. In patients with an accessory path-
way, intravenous adenosine was administered to
confirm the absence of accessory pathway conduc-
tion. After the procedure, patients were moni-
tored for 24–48 hours prior to discharge. During
this period serial electrocardiograms were
obtained to evaluate for recurring arrhythmia,
and an echocardiogram was performed to evalu-
ate for cardiac complications. Intravenous
heparin for those who underwent ablation in
the left heart was continued for 12–24 hours
after the ablation procedure.

Patient Follow-up
After discharge from the hospital, patients were
followed-up at our arrhythmia clinic or by their
referring cardiologists every 3–6 months for the

first year and annually thereafter. All patients
after the RF ablation procedure received one
aspirin (100mg or 325mg) tablet daily for 1–3
months. A number of patients participated in
protocols of periprocedural use of antithrombotic
treatment, including use of ticlopidine [24]. All
values are expressed as mean�SD. Comparisons
were performed with use of t-test or analysis of
variance for quantitative data, or chi-square or z-
statistic for qualitative data. Statistical signifi-
cance was considered at a P value < 0.05.

Results

Ablation Results and Procedure Variables
In the 280 adult patients RF ablation was per-
formed for accessory pathways in 106 patients, for
slow AV nodal pathways in 104 patients with AV
nodal reentrant tachycardia, for atrial foci in 38
patients with atrial tachycardia (n¼ 22) or atrial
flutter (n¼ 15) or atrial fibrillation (n¼ 1), for
ventricular foci in 25 patients with ventricular
tachycardia, and for AV node=His bundle in
seven patients with refractory atrial fibrillation.
Ablation was successful initially in 271 (96.8%)
patients with a mean of 15� 18 RF applications
(median: 8). Two sessions were required in three
patients with accessory pathways, one patient
with atrial flutter and one patient with atrial
fibrillation. Ablation failed in five patients with
accessory pathways, two patients with atrial
tachycardia plus atrial flutter and two patients
with atrial flutter. However, a late effect was
observed in three patients with accessory path-
ways, raising procedural success to 97.9%. The left
heart was accessed via a transseptal approach in
47 patients, a transaortic technique in 33 patients,
a combined transseptal and transaortic approach
in four patients,while two patients had a left-sided
accessory pathway ablated via the coronary sinus.
Exposure to radiation averaged 43� 40min
(median: 29), and the procedure duration
3.0� 1.9 hours (median: 2.5). Over 25� 19
months of follow-up, arrhythmia recurrences
were noted in 12 patients (4.4%) (four with an
accessory pathway, three with atrial flutter, and
five with ventricular tachycardia), of whom six
were successfully submitted to repeat RF ablation.

In 47 children RF ablation was performed for
symptomatic arrhythmias in all but one asympto-
matic athlete with a Wolff–Parkinson–White
pattern. Serious or life-threatening symptoms
included acute heart failure (n¼ 1), atrial fibrilla-
tion with rapid ventricular response in patients
with Wolff–Parkinson–White syndrome (n¼ 4), or
incessant tachycardia with tachycardic myopathy
(n¼ 3), while the remaining 38 patients had failed
1.4� 0.7 antiarrhythmic drugs prior to ablation.
Ablation was performed for manifest (n¼ 17) or
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concealed (n¼ 8) or right atriofascicular (n¼ 1)
accessory pathways in 26 patients, slow AV
nodal pathways in 16 patients (one patient had
both accessory and slow pathway ablation), atrial
tachycardia foci in two patients, and right (n¼ 1)
or left (n¼ 3) idiopathic ventricular tachycardia
foci in four patients. The mean cycle length of the
supraventricular tachycardia in 36 patients was
306� 52ms (range, 220 to 440ms). Procedures
were performed in 40 pediatric patients with use
of local anesthesia combined with deep or light
sedation, while in seven patients general anesthe-
sia was used. The left heart was accessed via a
transaortic approach in six patients and via a
transseptal technique in 11 patients. Radiofre-
quency ablation was successful in all patients
(100%) with 1–42 RF applications (mean:
12� 10, median: 8) (Table 1). Fluoroscopy time
averaged 39� 27min and total procedure dura-
tion was 2.8� 1.4 hours. Comparative data
between the two groups are presented in Tables
1 and 2.

Accessory Pathway Ablation
Of the 106 adult patients with accessory path-
ways (84 with manifest preexcitation), a single
pathway was ablated in 80 patients and multiple
(2 to 3) pathways in 26 patients. Ablation was
successful initially in 101 (95.3%) patients; a
second session was needed in two patients. How-
ever, a late effect was observed in three patients,
raising the success of the procedure to 98.1%. A
median of 12 RF applications (mean, 19� 22)
were needed; fluoroscopy time and procedure
duration averaged 55� 50min and 3.5� 2.2
hours respectively.

In 17 pediatric patients with Wolff–Parkinson–
White syndrome, 23 accessory pathways were
detected (18 manifest and five concealed), a
single pathway in 12 patients, two pathways in
each one of four patients, and three pathways in
one patient. In another eight patients, nine
concealed accessory pathways were detected.
Accessory pathways were localized to the ante-
roseptal (n¼ 6), mid-septal (n¼ 3), right poster-
oseptal (n¼ 4) or right posterior (n¼ 1) areas,
middle cardiac vein (n¼ 1), left posteroseptal
(n¼ 1) and in the left free wall (n¼ 16). Of the
17 left-sided accessory pathways (seven manifest
and 10 concealed), three were approached via a
transaortic technique (operator’s choice) and 14
transseptally. In a 9-year old boy who presented
with wide-complex tachycardia, a decremental
right lateral atriofascicular accessory pathway
(Mahaim fiber) was detected and successfully
ablated. Ablation of this decremental accessory
pathway was guided by a Mahaim potential
recording at the right lateral aspect of the tricus-

pid annulus; a long vascular sheath, which stabi-
lized the catheter in that position, facilitated the
procedure.

Overall, among the entire cohort of patients,
101 patients had a single pathway ablated and 31
patients had ablation of multiple (�2) accessory
pathways. In this latter group, a greater number
of RF lesions and a longer fluoroscopy time were
required, while the procedure lasted longer,
compared with those procedural variables in
patients having ablation of a single pathway
(Table 4, Fig. 1).

Slow Pathway Ablation for AV Nodal
Reentrant Tachycardia
In 104 adult patients with AV nodal reentrant
tachycardia, slow pathway ablation was success-
ful in all patients (100%) with a median of five RF
lesions (mean 8� 7). In all patients but one,
ablation of the slow AV nodal pathway was
successful on the right side within the triangle
of Koch; in one patient a left-sided approach was
required. Fluoroscopy time was 23� 14min and
the duration of the procedure 2.1� 1.0 hours.

During electrophysiologic evaluation of the
pediatric group, dual AV nodal pathway physiol-
ogy was shown in 16 patients and AV nodal
reentrant tachycardia was induced in 15 patients
(one patient also had ablation for a preexcitation
syndrome). Using a combined anatomic and elec-
trophysiologic approach, successful ablation of
the slow pathway was effected in all 16 patients
(100%). Following slow pathway ablation, a
persistent jump in the A–H interval could be
detected only in eight of 16 cases, while the
tachycardia was no longer inducible in any
patient. In two patients, in addition to the typical
(slow-fast) AV nodal reentrant tachycardia, a
slow-slow type of AV node reentry was induced
and successfully ablated with additional RF
current applications at the area of the slow path-
way.

Ablation of Atrial Tachycardia
In 22 adult patients, an atrial tachycardia was
successfully ablated in all but two patients (91%);
the focus was in the right atrium in 15 and in the
left atrium in seven, the latter accessed via a
transseptal approach. A mean of 9� 7 RF lesions
were required. Fluoroscopy time averaged
46� 35min and the procedure lasted for
3.3� 1.8 hours.

In two pediatric patients an ectopic atrial
tachycardia was diagnosed. In a 7-year-old boy
with incessant wide-complex tachycardia, who
presented with acute heart failure and hemody-
namic collapse, the focus was localized at the
orifice of the left inferior pulmonary vein where
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Fig. 1. Procedural variables according to the ablation target in both age groups (adults: white bars; children: hatched bars). A,
mean number of radiofrequency (RF) lesions applied. B, mean fluoroscopy time (min). C, mean procedure duration (h). All these
variables were dependent on the specific target of ablation rather than on patient’s age, being greatest during ablation of multiple
accessory pathways (M-APs) or ablation of atrial flutter (AFlu), and lowest with ablation of slow atrioventricular (AV) nodal
pathway for AV nodal reentrant tachycardia (AVNRT) or ablation of the AV node (AVN)=His bundle. AT¼atrial tachycardia;
S-APs¼ single accessory pathways; VT¼ ventricular tachycardia.
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successful ablation was effected. A 17-year-old
male patient had frequent episodes of palpita-
tions due to a narrow-QRS tachycardia and a
moderately decreased left ventricular ejection
fraction (45%). An automatic right atrial tachy-
cardia was diagnosed and its origin was localized
at the base of the right atrial appendage. In this
patient initial attempt of ablation was successful,
but a second session was needed during hospita-
lization due to a recurrence at 24 hours. At 12
months later this patient has remained free of
arrhythmia recurrence.

Ablation of Atrial Flutter=Atrial
Fibrillation
Among 15 adult patients with atrial flutter, RF
ablation was successful in severing the isthmus
in 13 (87%); two sessions were required in one
patient. The mean age was 54� 14 years (range,
22–69). A mean of 40� 33 RF lesions were
applied. Fluoroscopy time averaged 68� 37min,
and the procedure lasted for 4.0� 1.6 hours. Over
24� 14 months of follow-up, arrhythmia recur-
rences were observed in three patients (23%), of
whom two were submitted successfully to repeat
RF ablation. In one patient with lone atrial fibril-
lation, ablation was successful in eliminating one
right atrial and two left atrial foci (upper pulmon-
ary veins).

AV Node-His Bundle Ablation
In seven adult patients, aged 72� 9 years, with
drug-refractory atrial fibrillation, AV node=His
bundle ablation was successfully undertaken
with a right-sided approach. A mean of 9� 6 RF
lesions were required; fluoroscopy time averaged
14� 8min and the duration of the procedure
lasted for 1.4� .7 hours. A VVIR (n¼ 6) or a
DDDR (n¼ 1) pacemaker was subsequently
implanted. Over 9� 6 months of follow-up, AV
conduction did not recover.

Ablation of Ventricular Tachycardia
In 25 adult patients, aged 49� 13 years, a ventri-
cular focus was successfully ablated (100%).
These were 14 patients with right ventricular
outflow tachycardia, five with left idiopathic
ventricular tachycardia, one with right ventricu-
lar dysplasia, two with cardiomyopathy and three
patients with ischemic ventricular tachycardia.
The mean cycle length of the tachycardia was
367� 74ms. A mean of 12� 10 RF applications
were required. Fluoroscopy time was 45� 30min
and the procedure lasted for 3.4� 1.4 hours. Over
a mean follow-up of 25� 18 months, there were
arrhythmia recurrences in three patients with
left idiopathic VT, two patients with cardiomyo-

pathy and one patient with ischemic VT; repeat
RF ablation was successful in three patients.

In four pediatric patients, an idiopathic ventri-
cular tachycardia was diagnosed and successfully
ablated. Of these, one had a right ventricular
outflow tract tachycardia (incessant repetitive
monomorphic tachycardia with no symptoms)
and the other three had a symptomatic focal
fascicular left ventricular tachycardia. Ablation
was guided by earliest activation mapping in the
first patient and by Purkinje potential recordings
in the other three patients.

Complications
Among all RF ablation procedures, five serious
complications were observed, four (1.4%) in the
adult group and one (2.1%) in the pediatric group.
One adult patient undergoing ablation of a left-
sided accessory pathway developed a transient
ischemic attack. Among adult patients having
slow pathway ablation, there occurred a pneu-
mothorax in one patient and complete heart block
in two patients. Other salutory inconsequential
events included transient complete heart block
lasting only for a few seconds in two patients
having slow pathway ablation, while transient
PR prolongation was observed in another patient
also having slow pathway ablation.

In the pediatric group there was one serious
complication in a patient with Wolff–Parkinson–
White syndrome and two accessory pathways.
After successful ablation of a manifest postero-
septal pathway, complete heart block occurred
during successful ablation of a second concealed
midseptal accessory pathway. During ablation of
a slow pathway in another patient with atrioven-
tricular nodal reentrant tachycardia, transient
complete heart block was observed which only
lasted for 5 seconds.

Follow-up
During follow-up of 25� 19 months, there were
arrhythmia recurrences in 12 adult and three
pediatric patients. Recurrences were noted in
four adult patients with accessory pathways,
three patients with atrial flutter, and five
patients with ventricular tachycardia. Among
the pediatric patients, recurrences were observed
in one patient each with slow or accessory path-
way ablation and the patient with a Mahaim
fiber. Repeat RF ablation was successfully
performed in seven adult and two pediatric
patients. Transient complete heart block was
observed late in one patient, at 48 hours after
slow pathway ablation; conduction was restored
completely, aided with a short course of steroid
therapy.
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Discussion

Radiofrequency Ablation in Children
Exclusively pediatric EP centers are gene-
rally scarce, which is the reason why in some
institutions with an adult EP service, an adult
EP team may perform RF ablation in pediatric
patients, usually in collaboration with an experi-
enced pediatric interventional cardiology team
[10–17]. In a previous study we demonstrated
the efficacy and safety of such an approach in
the pediatric population [17]. Subsequently,
extending our initial results in children, we
sought to compare them with those in our
larger adult patient population.

In the present study, RF ablation in pediatric
patients constituted 14% of our total number of
ablation procedures. The success (100%) and
complication rate (2.1%) in our pediatric patients
were similar to the respective rates (97% and
1.4%) in the adult group, and compare favorably
with those rates in pediatric institutions,
whereby overall success rates of 75–85% and
complication rates of 4.8–10% have been reported
[14,20,21]. However, in experienced centers
procedural success may not be influenced by
patients’ age [23,25]; recent data from the pedia-
tric Registry show improved results in pediatric
patients without structural heart disease [25].
The present series did not include infants or
very young children, whereby higher complica-
tion rates might be observed [14], and other
controversial issues might be of concern, such
as developmental effects due to lesion size
increase during child growth [26]; body weight
< 15kg has been reported as an important predic-
tor of procedural complications [25], and thus a
decisive determinant of patient selection. In our
group only 34% were aged � 13 years; we had no

patients with congenital heart disease. Therefore,
these results do not apply across the whole range
of pediatric ages and groups and should only be
interpreted in light of these specific circum-
stances.

Comparison with the Adult Patient Series
The success of the procedure was equally high for
both populations (97% in adults vs 100% in chil-
dren). Similarly equivalent results in the two
groups were obtained in the mean fluoroscopy
time, duration of the procedure, number of RF
current applications, and procedural complica-
tions (Table 2). During long-term follow-up an
equal number of recurrences were observed, with
most patients undergoing a successful repeat
procedure.

To our knowledge, only two previous studies
in the literature compare the results of RF
ablation between adult and pediatric patients
[22,23] (Table 3). An equally high procedural

Table 2. Procedural variables in adult and pediatric patients

Adults Children P value

Patients 280 47
Procedure success 96.8%* 100% NS
Number of RF lesions 15� 18 12� 10 NS
Fluoroscopy time (min) 43� 40 39� 27 NS
Procedure duration (h) 3.0�1.9 2.8�1.4 NS
Major complications 4 (1.4%) 1 (2.1%) NS
Transient ischemic

attack
1

Pneumothorax 1
Complete heart block 2 1

Arrhythmia recurrences 12 (4.4%) 3 (6.4%) NS

*A late effect was observed in 3 patients, raising procedural
success to 97.9%. NS¼not significant.

Table 3. Literature reports comparing radiofrequency (RF) catheter ablation results in adult and pediatric patients

First Author=Year Park=1994 [22] Tai=1995 [23] Manolis=2001

No. of adult patients 278 1008 280
Success (%) 95% 97.5% 97%
Complications (%) 3.6% 1.5% 1.4%

No of pediatric patients 135* 49* 47**
Success (%) 94% 98% 100%
Complications (%) 1.5% 0% 2.1%

Accessory pathways
(adults=children)

214=111 565=35 106=26

Slow AV nodal
pathways (adults=children)

64=24 443=12 104=16

Atrial foci (adults=children) – – 38=2
Ventricular foci
(adults=children)

– – 25=4

AVN=His bundle
(adults=children)

– – 7=0

*aged < 20 years ** � 18 years.
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success has been demonstrated in those and the
present study for both pediatric and adult age
groups (94–100%). These success rates in pedia-
tric patients have been higher than previously
reported by dedicated pediatric institutions (75–
85%) [14,20,21], which supports the contention
that previous large experience in the adult popu-
lation for the same type of arrhythmias has
mainly contributed to a high procedural success
in the pediatric group in these three comparative
studies (Table 3). Thus, patients’ age did not
influence the results of RF ablation in any of
the three studies. In one study, the critical vari-
able affecting procedural performance was acces-
sory pathway location, with right free wall and
septal accessory pathways exhibiting the greatest
procedural difficulty [22]. In the present study,
analysis of variables affecting outcome demon-
strated that it was the specific type of arrhythmia
ablated that influenced the results, with multiple
accessory pathways and atrial flutter standing
out as the most demanding arrhythmia sub-
strates during ablation (Table 4, Fig. 1).

Specific Arrhythmias
The study included all coming patients with a
variety of arrhythmias (Table 4). Procedural vari-
ables were dependent on the type of specific
arrhythmia ablated (Table 4, Fig. 1), rather than
on patients’ age group (Table 2). Patients with
multiple accessory pathways or atrial flutter
required the greatest number of RF applications,
and the longest fluoroscopy exposure and dura-
tion of the procedure. In both patient populations,
the two main largest groups were patients with
accessory pathways and AV nodal reentrant
tachycardia. Probably due to patient reference
pattern, arrhythmias related to accesory path-
ways constituted 38% and AV nodal reentrant
tachycardia 37% of all arrhythmias in the adult
cohort, while in children accessory pathways
were ablated in 55% and the slow pathway in
34%. A lower incidence of AV nodal reentrant
tachycardia has been reported in pediatric
patients, which increases with age [22]. Indeed,
the incidence of this arrhythmia was 25% in our
group of � 13 years, with 75% having arrhyth-
mias related to accessory pathways in this age
group, while in older (> 13 years) patients AV
nodal tachycardia was noted in 39% and acces-
sory pathways in 45%.

Left-sided accessory pathways were appro-
ached using a retrograde (in 21 adults and
three children) or a transseptal (in 40 adults
and 10 children) or both techniques (in four
adults), while all left atrial foci (eight in adults
and one in children) were accessed transseptally.
Although the two techniques may be considered

alternative and= or complementary approaches to
the left heart [19], the transseptal method might
have some advantages particularly in the pedia-
tric population. Among these, producing atrial
rather than ventricular lesions would potentially
be less seriously arrhythmogenic, while avoiding
catheter insertion through the aorta and the
valves would obviate the possibility of incurring
trauma to the coronary ostia and the valve appa-
ratus. Furthermore, acccording to one of the
authors’ (ASM) personal experience, another
important reason that the transseptal approach
is preferred is because it makes catheter maneu-
vering easier, electrogram recording better, and
the ablation procedure more expeditious. Addi-
tionally, recent data from our laboratory indicate
that the application of RF current on the atrial
side of the mitral annulus via a transseptal
technique confers a lower degree of myocardial
injury, reflected by lower levels of cardiac tropo-
nin I, compared with RF current applications
delivered via the transaortic approach [27].
Only left ventricular tachycardia foci were routi-
nely accessed via a transaortic technique in both
age groups. With regards to the approach to right
free-wall accessory pathways, long vascular
sheaths stabilized the catheter at the tricuspid
annulus and greatly facilitated the procedure.

In the adult cohort there were also other types
of arrhythmias, less frequent in the pediatric
group, such as atrial flutter, more cases of atrial
and ventricular tachycardia, and patients with
refractory atrial fibrillation undergoing ablation
of the AV node=His bundle with subsequent
implantation of a pacemaker. An interesting
subgroup of patients were those with incessant
tachycardia, four adults and two children with
atrial tachycardia, one adult with AV nodal
tachycardia, one adult with right ventricular
outflow tract VT, and two adults with permanent
junctional reciprocating tachycardia, which in
some patients (four adults and two children) led
to varying degrees of left ventricular dysfunction.
However this ‘‘tachycardic cardiomyopathy’’ was
reversible when the tachycardia was ablated
[12,28].

Radiation Exposure
A major concern in any age group, but particu-
larly in children and young adults, is the amount
of radiation exposure incurred during these rela-
tively lengthy procedures [29,30]. However, with
increasing experience with these procedures, in
both adult and pediatric populations, the fluoro-
scopy time has decreased significantly compared
with earlier series, and it is now comparable to
that of other radiologic procedures known to be
associated with low risk for malignancy. Different
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types of procedures, however, are associated with
variable radiation exposure. Procedures of longer
duration and X-ray exposure were those invol-
ving ablation of atrial flutter, multiple accessory
pathways and certain cases of atrial and ventri-
cular tachycardia (Table 4, Fig. 1). The least
amount of fluoroscopy time concerned ablation
of the slow AV nodal pathway and of the AVN=His
His bundle.

Study Limitations
This is a consecutive series of RF ablation proce-
dures performed by an adult EP team, and it is
thus limited by the relatively small number of
pediatric patients studied. Larger series are
needed to confirm the efficacy and safety of this
approach to pediatric RF ablation. However,
adult electrophysiologists have apparently
gained a wider experience with RF ablation
than their pediatric counterparts due to a larger
adult patient population undergoing ablation,
and their success rates are not limited any
longer by a learning curve, which appears to
exert such a great influence on the results of
pediatric series, particularly those from dedi-
cated pediatric institutions [20,21]. Finally, the
present study is further limited by not including
smaller children or those suffering from congeni-
tal heart disease.

Clinical Implications
As operator experiencewith RF ablation of cardiac
arrhythmias in adult patients has steadily
increased over the years, adult EP teams, as
demonstrated in the present study, can perform
these procedures successfully and safely in both
adult and pediatric patients. However, maintain-
ing a close collaborationwith interventional pedia-
tric cardiologists can only enhance patient safety,
especially when dealing with smaller children or
patients with congenital heart disease. Finally,
success of RF ablation has already reached a
plateau at very high levels in both adult and
pediatric patient populations, and procedural
variables are dependent on the specific arrhyth-
mia substrate rather than on patient’s age.
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