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Introduction
Cardiac arrhythmias in children are challenging conditions [1]. 

They are especially common in patients admitted in pediatric intensive 
care unit, with an incidence of 19%. Between them tachyarrhythmias 
occur more rarely, with an incidence of 2% [2]. Their incidence is greater 
in children older than 1 year and in patients with grown-up congenital 
heart diseases [3]. Between all arrhythmias the supraventricular 
tachycardias are the most common in the newborn [4]. Some of their 
pathophysiological substrates are related to the electrophysiological 
properties of pluripotent stem cell-derived cardiomyocytes [5]. 
However the molecular, functional and morphological features of 
the myocardium are all involved in arrythmogenesis [6-9]. Atrial 
fibrillation and atrial flutter seem to be the less frequent, being almost 
always associated with specific and reversible conditions or to Fontan’s 
surgical correction of univentricular heart or congenital heart diseases 
involving atrial dilatation [10]. The most frequent tachyarrhythmias are 
the atrioventricular reentrant tachycardias (AVRT) and atrioventricular 
nodal reentrant tachycardias (AVNRT), reported in the 90.24% of 
the cases [3]. Both are due to an anatomically determined circuit. 
AVRT is due to a muscular bypass tract (or accessory pathway) in the 
atrioventricular groove which can be anywhere along the mitral and 
tricuspid annulus (with the exception of the region between the right 
and left fibrous trigones). It connects an atrium with the ventricle so 
that the impulse arising from sinus node reaches the ventricle and 

depolarizes part of it (pre-excitation) bypassing the normal pathway of 
the atrioventricular node (AVN). In certain circumstances (linked to the 
refractory periods of the structures involved) an impulse is conducted 
only by the AVN to the ventricle and from here returns to the atrium 
by the accessory pathway, originating an AVRT (the so called Wolff-
Parkinson White syndrome) [1-3]. AVNRT is due to the presence of two 
pathways in the context of the AVN: a fast pathway and a slow pathway. 
This situation creates conditions for an impulse to go through one of the 
two pathways and to return up by the second one: the circuit is totally 
in the AVN and both atria and ventricles are activated in parallel [1-3]. 
Although the standard 12-lead ECG maintains high diagnostic value as 
first line tool [11], a more invasive approach is often required in order to 
solve definitively both the diagnostic process and the recurrences [12]. 
It involves electrophysiological testing, mapping and catheter ablation 
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of the arrhythmia [13]. These tools proved to be safe and effective 
both in children and in adults with congenital heart diseases [14,15]. 
Furthermore particularly complex procedures, involving the puncture 
of the interatrial septum, were reported to be safe in children [16]. 
Unfortunately catheter ablation of cardiac arrhythmias is burdened by 
the use of radiations. A study conducted in 2008 estimated that a single 
ablation procedure carried out an increase of fatal malignancy risk in 
lifetime of the 0.02% with a mean fluoroscopy time of 14.4 min [17]. 
Considering that supraventricular tachycardias are most often nonfatal 
diseases it seems difficult to justify even a small risk [18], especially in 
children where the degree of the cellular turnover is higher. In addition 
it is well known the risk of dermatitis, cataracts, thyroid disease and 
birth defects in the patients’ offspring [19]. On these bases several non-
fluoroscopic mapping systems already used in electrophysiological 
studies in adults have been investigated in terms of feasibility and safety 
in children [18,19].

Materials and Methods
We performed a systematic research in PubMed and Embase using 

the keywords ‘arrhythmias’, ‘arrhythmias in newborn’, ‘arrhythmias 
in children’ ‘electrophysiological study’, ‘electroanatomical mapping’, 
‘catheter ablation’, ‘radiation exposure’, ‘non-fluoroscopic cardiac 
ablation’, ‘congenital heart diseases’. We found 257 articles of interest 
but we selected only 36 as the most representative. Inclusion criteria 
were: a) adherence of at least two key words; b) publication in 2016 
or, at least, between 2013 and 2015; c) epidemiological relevance; d) 
clinical impact. The main exclusion criteria were an adherence at less 
than two key words, a publication date before 2013 and information 
overlapping with numbers smaller in comparison to larger trials. These 
criteria were adopted in combination in order to highlight the most 
recent advances in this field. In particular the most part of the literature 
included (15 articles) represents the “state of art” in the 2016 both in 
terms of epidemiological and clinical relevance (Table 1 and Figure 1). 
Some of the exceptions are represented by the large epidemiological 
and clinical studies with high clinical relevance, which were included. 
Furthermore all the included studies published before 2013 provide 
consolidated information that, to date, have not changed (Figure 2).

Discussion
Catheter ablation as a treatment for supraventricular tachycardias 

in children became available in 1990. The Pediatric Radiofrequency 
Catheter Ablation Registry, developed in order to demonstrate the 
efficacy and safety of radiofrequency ablation (RFA) on children, is one 
of the milestones in the literature of electrophysiology. It demonstrated 
that critical factors in radiofrequency ablation are a body weight and 
age [20]. A body weight <15 kg is associated with a higher complication 
rate and an age <4 years is an independent predictor of complications. 
Furthermore the risk of atrioventricular block was higher in AVNRT 
compared to AVRT ablation procedures. In 2004 the Prospective 
Assessment after Pediatric Cardiac Ablation (PAPCA) database further 
demonstrated the safety and efficacy of RFA in children [21]. In 2000 

a new tool became available: cryoablation [22]. It uses the refrigerant 
effect of nitrous oxide circulating through the tip of the catheter. The 
tissue cooling can be stopped if an undesirable effect is seen, allowing 
the tissue to rewarm before creating a permanent effect. This advance 
in technology called ‘cryomapping’ allowed an elimination of the risk 
of atrioventricular block during AVNRT ablation procedure [23]. These 
experiences allowed the proper management also in case of extremely 
young patients [24]. The main concerns linked to these procedures 
were the need of fluoroscopy and thus the risk of malignancy as well 
as dermatitis, cataracts, thyroid disease and birth defects in patients’ 
offspring. Children and especially newborns have a greater life 
expectancy so their cumulative risk is greater than adults [18]. For 
this reason the guiding principle in electrophysiological procedures 
involving radiations in pediatric subjects is “as low as reasonably 
achievable” (acronym: ALARA) [25]. In 2008, Clay et al. estimated 
that a single ablation procedure with a mean fluoroscopy time of 14.4 
minutes carried out an increase of fatal malignancy risk of the 0.02% 
in lifetime and that the organ with the greatest absorbed dose was 

Year of publication (total 36) Articles (n) %
2016 15 42
2015 2 5,5
2014 3 8
2013 2 5,5

Before 2013 14 39

Table 1: Summary of the articles selected, sorted by year of publication with their 
absolute (n) and percentage (%) number.

Figure 1: Pie chart showing the literature contribute.

Figure 2: Diagram showing the process of article selection.
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the lung, followed by bone marrow and breast [17]. They concluded 
that the increased risk of malignancy after a single RFA procedure in 
children is low. Recently Tomà et al. pointed up that proper balance 
between risks and benefits is crucial for an optimal outcome and that 
radiation exposure during radiological exams is minimal, being the risk 
very small [26]. A review of Gianicolo et al. showed that currently there 
are methodological limits in the available studies and that accurate risk 
estimation in adolescents and children undergoing to exposition to 
ionizing radiations is not well estimated [27]. One of the most recent 
reviews by Kutanzi et al. highlights the need of minimizing the negative 
health effects of pediatric exposure to ionizing radiations [28]. On 
these bases and given that the most frequent arrhythmias in pediatric 
population are supraventricular tachycardias [3], which are most often 
not fatal conditions, it seems a reasonable approach a further decrease 
of radiation exposure [19]. 

The development of 3-dimensional (3-D) electroanatomical 
mapping systems allowed a significant reduction of radiation exposure 
during catheter ablations [18,19,29]. Currently there are two tools 
available in children: the EnSite system (St. Jude Medical, Inc.) and 
the CARTO system (Biosense Webster, Inc.). Briefly the EnSite one 
is based on the measurement of the electrical impedances and the 
CARTO one on the measurement of magnetic fields deriving from 
heart (Figure 3). These systems allow a reconstruction of the spatial 
geometry of the heart’s chamber of interest and allow visualization of 
the ablation catheter in relation to the reconstructed model [18,19,29]. 
Recently a third system called Rhythmia (Boston Scientific) with highly 
accurate hybrid tracking, based both on magnetic and impedance 
technologies, was tested for mapping scar-related atrial tachycardias 
[30]. However its role in a pediatric population still needs investigation.

In 2013, Scaglione et al. studied the feasibility of a fluoroless 
cryoablation in 21 children symptomatic for AVNRT [31]. They 
combined the advantages of the cryoablation with those ones of 
the electroanatomical mapping systems. In 19 patients fluoroless 
cryoablation was feasible and only in two were needed 45 and 50 
seconds of fluoroscopy respectively, because of a difficult progression 
of the catheters in the venous system. In 2015 the same group 
conducted another study on 44 children and adolescents affected by 
AVRT. They showed that an electroanatomical guided ablation of an 
accessory pathways determining AVRT was feasible both by the way of 
cryoenergy and of radiofrequency [32]. Another interesting experience 
of 2016 was conducted by Akdeniz et al. on 35 children affected by 
idiopathic right ventricular arrhythmias [33]. They demonstrated the 
efficacy of the electroanatomical mapping in guiding ablations also 
in challenging arrhythmias such as the ventricular ones, with limited 
fluoroscopy time. The most recent report of November 2016 by Bigelow 
et al. was finally conducted on newborns [34]. They reported two 
cases non-fluoroscopic cardiac ablation on neonates with congenital 
heart diseases. In one case the newborn was affected by pulmonary 
atresia and in the second one by Ebstein’s anomaly. Both infants were 
treated successfully minimizing fluoroscopy times. Guided by these 
evidences we think that electroanatomical mapping systems should 
be always used in case in pediatric patients, especially in the case of 
ablation of accessory pathways conditioning atrioventricular reentrant 
tachycardias. In the case of AVNRT ablation procedures these systems, 
due to their high costs can be avoidable because of the very limited 
time of fluoroscopy. In fact the target of an AVNRT is the slow pathway, 
which is almost always in the postero-inferior aspect of the triangle of 
Koch [35,36].

Conclusion
Cardiac arrhythmias could be challenging conditions, especially 

if a pediatric patient is involved. Predictors of complications are a 
body weight <15 kg and an age <4 years so it is clear that newborns 
are, between the pediatric population, the most difficult patients. 

Figure 3: An example of catheter ablation of AVNRT guided by an 
electroanatomical mapping system. The right atrium was reconstructed in its 
tridimensional shape and is showed in anteroposterior view (panel A), right 
anterior oblique (RAO) view (panel B) and left anterior oblique (LAO) view (panel 
C). During the procedure the image of the chamber of interest can be rotated 
anyway in order to make the physician aware of the real position of the catheters. 
The figure shows the ablation catheter (white) in the right atrium and a decapolar 
catheter positioned in the coronary sinus (blue). Furthermore the system allows 
visualization of the radiofrequency application points, represented by discs 
with different colors. Colors are defined before each procedure according to 
several criteria such as location stability, force over time, impedance drop and 
temperature. The achievement of the set criteria will result in a color that visually 
will make the physician aware of the quality of the radiofrequency application.
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It is reasonable, because of these evidences, to approach cardiac 
arrhythmias pharmacologically in younger patients [19]. More than 20 
years of experiences conducted by the electrophysiologists allow us to 
encourage the use of the electroanatomical mapping systems in children, 
with the objective of reducing the radiation exposure, especially if 
atrioventricular reentrant tachycardias are involved. Currently the 
progress in the cure of cardiac arrhythmias is following a route that in 
the future will allow us to overcome the current limitations.
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