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Abstract

Background: Radiofrequency ablation is the standard non-pharmacological treatment for arrhythmias in pediatric 
patients. However, arrhythmias and their associated causes have particular features in this population.

Objective: To analyze the epidemiological characteristics and findings of electrophysiological diagnostic studies and 
radiofrequency ablations in pediatric patients referred to the Electrophysiology Unit at Instituto de Cardiologia do Rio 
Grande do Sul, in order to characterize the particularities of this population.

Methods: Cross-sectional study with 330 electrophysiological procedures performed in patients aged less than 20 years 
between June 1997 and August 2013.

Results: In total, 330 procedures (9.6% of the overall procedures) were performed in patients aged less than 20 years 
(14.33 ± 3.25 years, age range 3 months to 19 years), 201 of which were males (60.9%). A total of 108 (32.7%) electrophysiological 
diagnostic studies were performed and of these, 48.1% showed abnormal findings. Overall, 219 radiofrequency ablations 
were performed (66.3%) with a success rate of 84.8%. The presence of an accessory pathway was the most prevalent finding, 
occurring in 158 cases (72.1%), followed by atrioventricular nodal reentrant tachycardia (16.8%), typical atrial flutter (3.1%) 
and extrasystoles originating from the right ventricular outflow tract (2.7%). Three patients developed complications during 
ablation (1.4%). Among congenital heart diseases, which occurred in 51 (15.4%) patients, atrial sept defect was the most 
frequent (27.4%), followed by ventricular sept defect (25.4%) and Ebstein’s anomaly (17.6%).

Conclusion: Electrophysiological study and radiofrequency ablation are effective tools for diagnosis and treatment of 
arrhythmias in the pediatric population. (Arq Bras Cardiol. 2015; 104(1):53-57)
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Introduction
The diagnosis and treatment of arrhythmias in children 

is challenging, since the knowledge for arrhythmias in 
pediatric patients is borrowed from data retrieved from 
the adult population. However, the causes of arrhythmias 
in these groups are considerably different. In adults, 
arrhythmias are usually associated with episodes of 
ischemia, whereas in children, arrhythmias are closely 
associated with changes in the development of the 
cardiac conduction system1. Supraventricular tachycardia 
emerges as the most common tachyarrhythmia in pediatric 
patients, responding for nearly 95% of the arrhythmias in 
this population2.

For many years, antiarrhythmic drugs were the only 
available treatment for arrhythmias. In 1987, radiofrequency 
(RF) catheter ablation was introduced for treatment of 
adult patients, and since 1989 has been performed as a 
treatment modality for tachyarrhythmias in pediatric patients. 
RF ablation was a major scientific breakthrough in the 
treatment of tachyarrhythmias and is currently considered 
the non-pharmacological treatment of choice in children and 
adolescents3. The success rate associated with RF ablation is 
high and the rate of severe complications is low4.

In order to characterize the particularities of the 
pediatric population, the aims of this study were to 
analyze the epidemiological characteristics and findings of 
electrophysiological study (EPS) and RF ablation in children 
and adolescents at our institution.

Methods
We analyzed the characteristics of the patients aged 

less than 20 years who underwent EPS and/or RF ablation 
at the Electrophysiology and Holter Unit of Instituto de 
Cardiologia do Rio Grande do Sul between 1997 and 2013, 
as well as the results of 330 procedures performed in these 
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patients. According to the World Health Organization (WHO) 
classification, we considered as part of the infant population 
those patients aged less than 9 years and of the adolescent 
population, those with ages between 10 and 19 years5.

Patients were referred for the procedures after presenting 
refractoriness or adverse effects associated with drug therapy, 
or clinical worsening caused by the arrhythmia. Before the 
procedures, all patients filled up an Informed Consent Form 
(ICF). For underage patients, the parents authorized the 
procedures and signed the ICF. 

All procedures were performed under general anesthesia 
with midazolam, propofol, fentanyl and sevoflurane.  
All antiarrhythmic drugs were suspended five half-lives 
before the procedure. One to three multipolar electrode 
catheters (deflectable or not, 5 to 7 French) were introduced 
through the right and/or left femoral veins. For procedures 
requiring ablation, an ablation catheter was also used.  
In patients with an accessory pathway, a catheter was 
inserted into the right femoral artery and advanced into 
the aorta to map the mitral ring. All patients underwent 
prior EPS when ablation was indicated. During EPS, 
records of intracavitary electrogram were taken and 
supraventricular and ventricular stimulation was performed.  
When arrhythmia was not induced, intravenous isoproterenol 
was injected. Fluoroscopy was performed in all cases to 
position the catheters within the cardiac cavities. The RF 
energy output, length of application and temperature were 
individually titrated by the electrophysiologist responsible 
for the procedure. If ablation of a left accessory path or 
in the systemic circulation (left heart chambers) were to 
be performed, aspirin 200 mg daily was prescribed for 
three months. This precaution aimed at preventing a 
thrombogenic state that may be triggered during catheter 
ablation, increasing the risk of severe thromboembolic 
events in the left circulation6-8. Follow up was conducted by 
the Electrophysiology and Holter Unit, Pediatric Cardiology 
Unit and by assistant physicians. 

All female patients in childbearing age (10-50 years) 
were screened with a pregnancy test (serum beta-hCG) the 
day before the procedure. A 14-year-old patient had the 
procedure suspended after a positive beta-hCG test diagnosed 
an unidentified pregnancy at an early stage.

Statistical analysis
This was a descriptive study in which the categorical 

variables were represented as absolute numbers and 
percentages. Continuous variables were represented as 
mean ± standard deviation. Sample size was calculated 
with the software WinPepi, with a 95% confidence 
interval, expected proportion of 0.50 (50%), margin error 
of ± 5.5 percentile points, yielding a minimal sample of 
318 patients. The software SPSS was used for database 
organization and statistical calculations.

Results
Of 3406 electrophysiological procedures performed 

between June 1997 and August 2013 at the Electrophysiology 
and Holter Unit of Instituto de Cardiologia do Rio Grande 

do Sul, 330 (9.6%) were performed in patients younger 
than 20 years. The lowest and highest ages of these patients 
were, respectively, 3 months and 19 years, with an average 
of 14.33 ± 3.25 years. In total, 60.9% were males (Table 1).

Overall, 108 diagnostic EPS were performed, corresponding 
to 32.7% of the procedures performed in the overall pediatric 
population. Findings were abnormal in 48.1% of these 
and included atrial tachycardia (19.2%), followed by atrial 
fibrillation (17.3%), ventricular preexcitation syndrome 
(15.3%), right bundle branch block (7.6%) and polymorphic 
ventricular tachycardia (7.6%) (Table 2). Four patients 
underwent more than one diagnostic procedure during follow 
up. Access to the heart after femoral catheterization was 
limited due to venous abnormalities in three cases.

In total, 184 patients underwent 219 RF ablations (66.3% 
of the total amount of performed procedures). The median 
number of procedures was 1 (lowest 1 - highest 5). The presence 
of an accessory pathway was the most prevalent finding, 
occurring in 158 cases (72.1%), followed by atrioventricular 
nodal reentrant tachycardia (AVNRT, 16.8%), typical atrial flutter 
(3.1%) and extrasystoles originating from the right ventricular 
outflow tract (2.7%). Ablation was successfully performed in 
84.8% of the patients (Table 3).

Three patients (1.4%) developed complications during 
the procedure, including total atrioventricular block in two 
patients and pseudoaneurysm of the right femoral artery 
which was treated conservatively in one patient. Electrical 
cardioversion was required due to induction of atrial fibrillation 
in three patients, polymorphic ventricular tachycardia in two 
patients and monomorphic ventricular tachycardia in one 
patient. The cause of transient hemodynamic instability was 
not identified in six cases.

A total of 31 procedures were performed in patients 
below the age of 9 years and in 296 patients aged 10 to 
19 years, corresponding, respectively, to the infant and 
adolescent populations. In patients aged 0-9 years, ablation 
was performed in 19 cases and was successful in 17 
(89.4%). Ablation of an accessory pathway emerged as the 
main finding, occurring in 16 cases (84.2%), followed by 
AVNRT in two cases (10.5%). In patients aged 10-19 years, 
200 ablations were performed, with immediate success 
obtained in 157 (75.5%). As in the group of patients aged 
0-9 years, ablation of an accessory pathway also emerged 
as the most prevalent finding in this group with 142 cases 
(71.0%), followed by AVNRT (17.5%) and typical atrial 
flutter (1.5%). Of 12 EPS performed in patients in the 0-9 
years age group, eight (66.6%) showed abnormal findings, 
in particular, atrial fibrillation and ventricular preexcitation 

Table 1 – Epidemiological characteristics of the cohort

Total

Total number of procedures (1997-2013) 3406

Number of patients aged 0-19 years 330 (9.6%)

Age (years) 14.33 ± 3.25

Number of male patients 201 (60.9%)
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Table 2 – Electrophysiological studies performed in the cohort

Performed procedures Percentage

Total 108 32.7%

Abnormal findings 52 48.1%

Atrial tachycardia 10 19.2%

Atrial fibrillation 9 17.3%

WPW 8 15.3%

RBBB 4 7.6%

VT 4 7.6%

WPW: Wolff-Parkinson-White; RBBB: right bundle branch block; 
VT: ventricular tachycardia.

Table 3 – Radiofrequency ablation outcomes according to the type 
of heart disease

Type of ablation Success n (%) Total n (%)

Accessory pathway 106 (83.5%) 127 (100%)

AVNRT 33 (91.7%) 36 (100%)

VT originating from the RV 
outflow tract 4 (66.7%) 6 (100%)

Typical atrial flutter 4 (80.0%) 5 (100%)

Fascicular VT 2 (66.7%) 3 (100%)

Focal VT 3 (100%) 3 (100%)

Coumel (PJRT) 2 (100%) 2 (100%)

Atrial tachycardia 1 (100%) 1 (100%)

Atypical atrial flutter 1 (100%) 1 (100%)

Total 156 (84.8%) 184 (100%)

AVNRT: atrioventricular nodal reentrant tachycardia; VT: ventricular 
tachycardia; RV: right ventricle; PJRT: persistent junctional reciprocating 
tachycardia.

Table 4 – Performed procedures according to age range

0-9 years n (%) 10-19 years n (%)

Total procedures 31 (100%) 296 (100%)

RF ablation 19 (59.3%) 200 (67%)

Accessory pathway 16 (84.2%) 142 (71.0%)

AVNRT 2 (10.5%) 35 (17.5%)

Typical atrial flutter 0 3 (1.5%)

EPS 12 (38.7%) 96 (32.4%)

Atrial fibrillation 2 (16.6%) 7 (7.29%)

WPW 2 (16.6%) 6 (6.25%)

Atrial tachycardia 0 9 (9.37%)

RF: radiofrequency; EPS: electrophysiological study; AVNRT: atrioventricular 
nodal reentrant tachycardia; WPW: Wolff-Parkinson-White.

Table 5 – Diagnoses associated with structural congenital heart disease

Cases Percentage

Total 51 17.5%

Complex heart disease 24 47.0%

ASD 14 27.4%

VSD 13 25.4%

Ebstein's anomaly 9 17.6%

Pulmonary stenosis 9 17.6%

PDA 8 15.6%

ASD: atrial sept defect; VSD: ventricular sept defect; PDA: patent 
ductus arteriosus.

syndrome. In the group of patients aged 10-19 years, a 
total of 96 EPS were performed resulting in 44 abnormal 
findings, mainly atrial tachycardia (9.4%), atrial fibrillation 
(7.3%) and Wolff-Parkinson-White syndrome (6.3%) 
(Table 4). These findings demonstrate a predominance 
of cases in individuals above the age of 10 years and a 
subtle difference in the types of arrhythmias present in 
both populations.

Among patients undergoing the procedures, 51 presented 
structural congenital heart disease (17.5%). Of these, 
24 (47.0%) had complex congenital heart disease. There were 
25 types of congenital structural heart disease. Of these, atrial 
sept defect (ASD) was the most frequent, occurring in 14 cases 
(27.4%). Others included ventricular sept defect (VSD, 25.4%), 
Ebstein's anomaly (17.6%), pulmonary stenosis (17.6%) and 
patent ductus arteriosus (PDA, 15.6%) (Table 5). Among the 
pathologies occurring in patients with complex heart disease 
were VSD (45.8%), ASD (41.6%), pulmonary stenosis (37.5%), 
PDA (29.1%) and tricuspid valve atresia (20.8%).

Mean intra-atrial (P-A), atria-to-His (A-H) and His-to-ventricle 
(H-V) conduction intervals were, respectively, 20.8 ± 8.8 msec, 
82.4 ± 25.5 msec and 30.6 ± 21.0 msec. Mean Wenckebach 
point was 386.4 ± 81.2 msec.

Discussion
Intracardiac EPS is an invasive procedure that uses 

electrode catheters under fluoroscopic control to study 
the process of cardiac depolarization. This evaluation is 
conducted during sinus rhythm or induced arrhythmias with 
programmed stimulation and/or with several cardioactive 
drugs9. Catheter ablation using RF energy has revolutionized 
the treatment of cardiac arrhythmias and improved the 
quality of life of the patients at a lower cost than long-term 
treatment with medications10.

Even though a significant share of EPS and RF ablation 
is performed in pediatric patients, physicians are often 
unfamiliar with specific managements at this age group. 
This is mainly due to lack of studies in the literature about 
the epidemiological and electrophysiological characteristics 
of this population, particularly in our area. Such procedures 
have risks and increased rates of complications in the 
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pediatric population due to particularities such as limitation 
of vascular access, reduced cardiac dimensions and potential 
anatomical variations due to congenital heart disease3.

In children, RF ablation is the first-line therapy for 
supraventricular tachycardias (SVT), the most common type of 
arrhythmia in pediatric patients and approximately 95% of the 
tachyarrhythmias in this population11,12. The main indications for 
RF ablation in children are atrioventricular tachycardia involving 
accessory conduction pathways, followed by AVNRT and atrial 
tachycardia11. In our study, tachycardia involving accessory 
pathways was the main indication for RF ablation, followed 
by AVNRT. Since it is uncommon in children, ventricular 
tachycardia is rarely an indication for RF ablation11.

Van Hare et al13 reported a success rate of 95.7% with RF 
ablation in SVT secondary to accessory pathways and AVNRT 
in pediatric patients, whereas Tanel et al14 reported 90% 
of success with RF ablation in arrhythmias in the pediatric 
population. In our cohort, successful outcomes were 
observed in 91.7% of the ablations for AVNRT and 83.5% 
for accessory pathways. The reasons for a lower success 
rate with accessory pathways in our population may be due 
to the fact that transseptal puncture was not performed in 
these cases, as well as to a higher prevalence of complex 
congenital heart disease in our cohort (12% of the overall 
ablations), which was obtained from a referral center for 
congenital heart disease.

There were three procedural complications in our study, 
which affected 1.4% of the patients undergoing RF ablation. 
Complication rates in the literature vary from 1.2% to 
8.7%8,13-15. The findings of the current study suggest that 
RF ablation and EPS are safe procedures in the pediatric 
population and are associated with low probability of 
complications. Indication of different mapping techniques 
not involving radiation, such as magnetic resonance16 and 
electroanatomic mapping17, as well as use of different 
ablation techniques such as cryoablation18 must be 
individualized for each patient and his/her characteristics 
to minimize the risks associated with the procedures.

The development of arrhythmias in the infant population 
is closely related to the presence of congenital heart diseases. 
They affect approximately 1% of the newborns, contributing 
significantly with childhood mortality and morbidity19. 
The changes in cardiac architecture associated with the 
cardiopathy itself or with the corrective surgery, may in 
certain cases result in changes in the cardiac conduction 
system, leading to an increased tendency of these individuals 
to develop arrhythmias20. Some types of congenital heart 
disease, such as Ebstein's anomaly, transposition of the great 
arteries and tricuspid valve atresia, are associated with a high 
incidence of accessory conduction pathways21.

In our institution, serum beta-hCG test was performed on 
all female patients of childbearing age, which according to the 
World Health Organization encompasses the ages between 
10 and 50 years. The exposure of women of childbearing 
age to ionizing radiation during RF ablation imposes a 
substantial risk of teratogenicity due to the susceptibility of 
the fetus during the entire prenatal period22. Based on that, 
screening was conducted to identify potentially unidentified 
pregnancies at the time of the procedure.

Limitations
Thi s  i s  a  c ros s - sec t iona l  s tudy  in  which  the 

epidemiological characteristics of the patients and the 
findings of electrophysiological procedures were retrieved 
from patients’ charts. Therefore, it describes only the 
immediate results of the interventions and does not 
include long-term outcomes.

Conclusions
The current study shows that in our institution, a significant 

share of the pediatric population referred for invasive testing of 
arrhythmias presented congenital heart disease. The outcomes 
of RF ablation and EPS showed acceptable success rates, 
similar to those in the literature. The complications rate in 
our cohort was low as shown in other studies.

Author contributions
Conception and design of the research, Analysis and 

interpretation of the data and Writing of the manuscript: Simão 
MF, Rios MN, Leiria TLL, Kruse ML, Lima GG; Acquisition of 
data: Simão MF, Rios MN, Leiria TLL, Kruse ML, Pires LM, 
Lima GG; Statistical analysis: Simão MF, Rios MN, Leiria TLL, 
Lima GG; Critical revision of the manuscript for intellectual 
content: Simão MF, Rios MN, Leiria TLL, Kruse ML, Pires LM, 
SantAnna RT, Lima GG.

Potential Conflict of Interest
No potential conflict of interest relevant to this article was 

reported.

Sources of Funding
There were no external funding sources for this study.

Study Association
This study is not associated with any thesis or dissertation 

work.

56



Original Article

Simão et al.
EPS and RF ablation in pediatrics

Arq Bras Cardiol. 2015; 104(1):53-57

1. Mosaed P, Dalili M, Emkankoo Z. Interventional electrophysiology in 
children: a single-center experience. Iran J Pediatr. 2012;22(3):333-8.

2. Hafez MM, Abu-Elkheir MM, Shokier M, Al-Marsafawy HF, Abo-Haded 
HM, Abo El-Maaty M. Radiofrequency catheter ablation in children with 
supraventricular tachycardias: intermediate term follow up results. Clin Med 
Insights Cardiol. 2012;6:7-16.

3. Melo SL, Scanavacca MI, Pisani C, Darrieux F, Hachul D, Hardy C, et al. 
Ablação com RF de arritmia na infância: registro observacional em 125 
crianças. Arq Bras Cardiol. 2012;98(6):514-8.

4. Nielsen JC, Kottkamp H, Piorkowski C, Gerds-Li J, Tanner H, Hindricks 
G. Radiofrequency ablation in children and adolescents: results in 154 
consecutives patients. Europace. 2006;8(5):323-9.

5. World Health Organization. (WHO). Young People´s Health – a Challenge 
for Society. Report of a WHO Study Group on Young People and Health for 
All. Technical Report Series 731. Geneva; 1986.

6. Lee DS, Dorian P, Downar E, Burns M, Yeo EL, Gold WL, et al. 
Thrombogenicity of radiofrequency ablation procedures: what factors 
influence thrombin generation? Europace. 2001;3(3):195-200.

7. Manolis AS, Vassilikos V, Maounis TN, Psarros L, Melita-Manolis H, 
Papatheou D, et al. Pretreatment with aspirin and ticlopidine confers lowers 
thrombogenic potential of radiofrequency catheter ablation. Am J Cardiol. 
1997;79(4):494-7.

8. Zhou L, Keane D, Ruskin J. Thromboembolic complications of cardiac 
radiofrequency catheter ablation: a review of the reported incidence, 
pathogenesis and current research directions. J Cardiovasc Electrophysiol. 
1999;10(4):611-20.

9. Sosa EA, Lorga AM, Paola AA, Maia IG, Pimenta J, Gizzi JC, et al. [Indications 
for intracardiac electrophysiological studies--1988. Recommendations of 
the Committee of the Society of Cardiology of the State of São Paulo and of 
the Arrhythmia and Electrophysiology Study Group of the Brazilian Society 
of Cardiology]. Arq Bras Cardiol. 1988;51(5):427-8.

10. Scanavacca MI, Brito FS, Maia I, Hachul D, Gizzi J, Lorga A, et al; Sociedade 
Brasileira de Cardiologia; Sociedade Brasileira de Cirurgia Cardiovascular; 
Departamento de Estimulação Cardíaca Artificial (DECA) da SBCCV. 
Diretrizes para avaliação e tratamento de pacientes com arritmias cardíacas. 
Arq Bras Cardiol. 2002;79(5):1-50.

11. Van Hare GF. Supraventricular tachycardia. In: Gillette PC, Garson A. (editors). 
Clinical pediatric arrhythmias. Philadelphia: WB Saunders; 1999. p. 97-120.

12. Ludomirisky A, Garson A. Supraventricular tachycardia. In: Gillette PC, 
Garson A. (editors). Pediatric arrhythmias: electrophysiology and pacing. 
Philadelphia: WB Saunders; 1990. p. 380-426.

13. Van Hare GF, Javitz H, Carmelli D, Saul JP, Tanel RE, Fischbach PS, et al. 
Prospective assessment after pediatric cardiac ablation: demographics, 
medical profiles, and initial outcomes. J Cardiovasc Electrophysiol. 
2004;15(7):759-70.

14. Tanel RE, Walsh EP, Triedman JK, Epstein MR, Bergau DM, Saul JP. Five-
year experience with radiofrequency catheter ablation: implication for 
management of arrhythmias in pediatric and young adult patients. J Pediatr. 
1997;131(6):878-87.

15. Lee PC, Hwang B, Chen SA, Tai CG, Chen YJ, Chiang CE, et al. The results of 
radiofrequency catheter ablation of supraventricular tachycardia in children. 
Pacing Clin Electrophysiol. 2007;30(5):655-61.

16. Razavi R, Hill DL, Keevil SF, Miquel ME, Muthurangu V, Hegde S, et al. 
Cardiac catheterization guided by MRI in children and adults with congenital 
heart disease. Lancet. 2003;362(9399):1877-82.

17. Pires LM, Leiria TL, Kruse ML, Ronsoni R, Gensas CS, Lima GG. Ablação de 
arritmias por cateter com mapeamento eletroanatômico exclusivo: uma 
série de casos. Arq Bras Cardiol. 2013;101(3):226-32.

18. Miyazaki A, Blaufox AD, Fairbrother DL, Saul JP. Cryo-ablation for septal 
tachycardia substrates in pediatric patients: mid-term results. J Am Coll 
Cardiol. 2005;45(4):581-8.

19. Hoffman JI. Congenital heart disease: incidence and inheritance. Pediatr 
Clin North Am. 1990;37(1):25-43.

20. Deal BJ, Mavroudis C, Backer CL. The role of concomitant arrhythmia 
surgery in patients undergoing repair of congenital heart disease. Pacing 
Clin Electrophysiol. 2008;31 Suppl 1:S13-6.

21. Dalili M, Rao JY, Brugada P. Radiofrequency ablation of accessory pathways 
in children with complex congenital cardiac lesions: a report of three cases. 
J Tehran Heart Cent. 2013;8(2):111-5.

22. Lima GG, Gomes DG, Gensas CS, Simão MF, Rios MN, Pires LM, et al. 
Risco da radiação ionizante em mulheres férteis submetidas à ablação por 
radiofrequência. Arq Bras Cardiol. 2013;101(5):418-22.

References

57


