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Transcatheter Cryoablation Procedures without
Fluoroscopy in Pediatric Patients with
Atrioventricular Nodal Reentrant Tachycardia:
A Single-Center Experience
Sevket Balli, Mehmet Kucuk, Mustafa Orhan Bulut, Ilker Kemal Yucel and Ahmet Celebi

Background: Atrioventricular nodal reentrant tachycardia (AVNRT) is one of the most common supraventricular
tachycardia substrates. The aim of this study was to demonstrate the excellent outcomes of cryoablation without
fluoroscopy in pediatric patients with AVNRT.
Methods: From September 2015 to October 2016, a transcatheter cryoablation procedure was performed in 109
patients using the EnSiteâ system. After electrophysiologic studies, a cryoablation catheter was advanced for the
purpose of ablation of the slow pathway. Six to eight lesions were delivered in 240-300 seconds at -70 °C, with
special effort being paid to obtain an eyeball formation around the first effective lesion.
Results: The mean weight and age of the patients were 24.6 ± 5.3 kg (15-68 kg) and 9.8 ± 2.6 years (5-18 years),
respectively. The mean procedure time was 109.8 ± 46 minutes, and the acute procedural success rate was excellent
(100%). Ablation procedures were performed during induced tachycardia in 67 patients and during sinus rhythm in
42. The mean follow-up period was 13.3 ± 5.8 months (4-17 months). Recurrence was noted in one patient during
the follow-up period who received the ablation procedure with a 6-mm tip catheter. No recurrence was noted among
the patients treated with an 8-mm cryocatheter. No permanent cryoablation-related complications occurred.
Conclusions: Cryoablation using an electroanatomic mapping system is safe and effective in pediatric patients with
AVNRT, and has the advantage of avoiding ionizing radiation.
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INTRODUCTION

pediatric cases. The incidence of AVNRT increases with
age, and it has been reported to be responsible for up to
31% of SVTs in children older than 10 years of age. Even
though AVNRT often occurs in patients with structurally
normal hearts and is usually well tolerated, patients may
present with signs and symptoms of hemodynamic compromise and syncope.1-8
Transcatheter radiofrequency (RF) and cryoablation
are well established, safe and feasible techniques for the
treatment of AVNRT in pediatric populations.9-14 Conventionally, X-rays have been used for the navigation of
ablation catheters. Recently, however, these procedures
have been shown to be safe and feasible via electro-

Atrioventricular nodal reentrant tachycardia (AVNRT)
is one of the most common supraventricular tachycardia
(SVT) substrates in children, accounting for 13-24% of all
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anatomic mapping systems without using radiation.14,15
Each hour of fluoroscopic imaging has been reported
to increase the lifetime risk of a fatal malignancy by up
to 1%.16 Radiation exposure should therefore be of particular concern in children due to their longer expected
lifespan. Accordingly, the goal should be to keep ionizing
radiation burden in children to a minimum to reduce
long-term cancer risk.16-18 In this study, we report a series of pediatric patients with AVNRT who underwent
successful catheter cryoablation procedures without the
use of fluoroscopy. The aim of this study was to demonstrate the excellent outcomes of cryoablation techniques performed with an electroanatomic navigation system without fluoroscopy in a large patient cohort with
AVNRT.

Two 5 or 6 French (Fr) standard sheaths were introduced into the left femoral vein, and the right femoral
vein was cannulated with a 7 Fr sheath. Arterial cannulation was not required in any patient. A standard electrophysiological study was then performed with the
guidance of an electroanatomic system (EnSite system,
St. Jude Medical, St. Paul, MN, USA). The EnSite system
allows for the reconstitution of 3-D geometry of cardiac
chambers and visualization and navigation of ablation
catheters using the signal characteristics of cardiac structures. For this purpose, a decapolar electrode catheter was advanced into the coronary sinus and then two
quadripolar electrode catheters were placed at the right
ventricle apex and high right atrium (HRA). We did not
use a fourth catheter to avoid introducing an extra
sheath into pediatric patients. Instead, we placed the HRA
catheter in the His region when needed. Programmed
stimulations were then performed to prove the presence of dual atrioventricular (AV) node physiology as described elsewhere in detail.19 A repeat programmed stimulation was undertaken during isoproterenol infusion,
when a sustained tachycardia could not be induced. The
area yielding prominent His signals (Figure 1) was
marked on a 3-D electroanatomic map (Figure 2).
The diagnosis of typical AVNRT was established when
a septal ventriculo-atrial interval was determined to be
< 70 ms. The diagnosis of atypical AVNRT was made

MATERIALS AND METHODS
From September 2015 to August 2016, transcatheter cryoablation of slow pathways was performed in 109
patients. Informed consent was obtained from all patients or their legal guardians before the procedure. The
study was approved by the local ethics committee. All
procedures were performed under general anesthesia
with endotracheal intubation. Antiarrhythmic drugs were
stopped for at least five half-lives prior to the procedure.

Figure 1. An electrogram demonstrating His bundle signals (arrows).
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Figure 2. 3D anatomy of the right atrium (RA), superior vena cava (SVC), inferior vena cava (IVC), coronary sinus (CS) and his bundle region (HIS)
are demonstrated in left anterior oblique and right anterior oblique views. The coronary sinus catheter (yellow), cryoablation catheter (green), right
ventricle catheter (blue) and cryolesions given (yellow dots) are shown on the 3D electroanatomic mapping system.

when the postpacing interval minus the tachycardia cycle length was > 115 ms and via parahisian pacing and
differential pacing (RV apical-basal pacing) maneuvers.
The diagnosis of atrial tachycardia was made when an
atrial-atrial-ventricular response after cessation of ventricular overdrive pacing was observed. Patients in whom
the underlying mechanism of SVT was determined to be
AVNRT were included into the study.
After electrophysiologic studies, a standard cryoablation catheter (Freezor Xtra, Medtronic, Minneapolis,
MN, USA) with a 6- or 8-mm tip was advanced to the
right atrium for the purpose of ablation of the slow pathway. An 8-mm tip catheter was employed in patients
over 35 kg in weight. Cryomapping was performed using
a cryoablation catheter at -30 °C for safe arrhythmia ablation whenever applicable. During sinus rhythm, the tip
of the cryoablation catheter was placed at the posteroseptal tricuspid annulus. The area yielding an electrogram with an A:V ratio of 1:3 to 1:4 and/or slow pathway signals was considered to be the target area for
cryoablation (Figure 3). During induced sustained tachycardia, the target area was identified by the ability of
the cryoablation catheter to cease the induced SVT at
-30 °C in less than 30 seconds (Figure 4). Six to eight lesions were delivered in 240-300 seconds at -70 °C, with

the utmost attention being given to the development of
AV conduction delay, and with special effort being paid
to obtain an eyeball formation around the first effective
lesion (Figure 2). The activation intervals between atria
and ventricles were monitored via the EnSite system.
Ablation was ceased immediately when any sign of sudden AV conduction delay was noted.
We considered the procedure to be successful when
no more than one echo beat could be induced on programmed stimulation or a complete conduction block
through the slow pathway was noted 30 minutes after
the final ablation lesion. All patients were observed in
the hospital for at least 24 hours, especially for the development of complete AV block. Electrocardiography
(ECG) and echocardiographic examinations were performed in the morning after the procedure day. Clinical
examinations, ECG, echocardiography and Holter ECG
were scheduled at 1 month and then at 6 and 12 months
after the procedure. Complaints including fatigue, palpitation and syncope were recorded at each visit. Patients complaining of palpitation received ECG, additional 24-hour Holter ECG and event recorder monitoring for 7 days. Recurrence was defined as the presence
of clinical symptoms consistent with those prior to the
ablation procedure or documented tachycardia epi339
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Figure 3. An electrogram showing the slow-pathway signals (arrows).

Figure 4.

An electrogram demonstrating the cessation of tachycardia during cryomapping. Cryomapping was then switched to cryoablation at -70 °C.

sodes on ECG, 24-hour Holter monitoring or event recorder.

and median range (maximum-minimum) values. Categorical values were stated as n (number) and % (percentage).

Statistical analysis
SPSS 22.0 (IBM Corporation, Armonk, New York,
United States) was used to analyze all data. Quantitative
data were expressed as mean ± SD (standard deviation)
Acta Cardiol Sin 2018;34:337-343

RESULTS
One-hundred and nine pediatric patients with AVNRT
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Table 1. Demographic, procedural characteristics and follow-up
data

underwent transcatheter cryoablation during the study
period, of whom 52 were male and 57 were female. The
mean weight of the patients was 24.6 ± 5.3 kg (15-68
kg), and the mean age was 9.8 ± 2.6 years (5-18 years).
The mean procedure time was 109.8 ± 46 minutes (Table 1). A mitral valve prolapse was present in two patients and an atrial septal defect was detected in one.
No fluoroscopy was needed in any patient.
The nature of AVNRT was typical in 94 patients.
An atypical AVNRT was noted due to fast-slow conduction in 13 patients and slow-slow conduction in two
patients. The procedures were performed using a 6mm tip catheter in 93 patients and an 8-mm tip in 16
patients. Eighty-nine patients had had a documented
SVT prior to the procedure, while 20 patients underwent
an electrophysiologic study due to likely symptoms of
SVT.
The acute success rate of the interventions was excellent (100%). Ablation procedures were performed
during induced tachycardia in 67 patients and during
sinus rhythm in 42. A single echo beat could be induced in 20 patients at the end of the procedures.
None of the patients experienced recurrence during
follow-up.
The mean follow-up period was 13.3 ± 5.8 months
(range: 4-17 months). Fourteen patients complained of
palpitation after the procedures throughout the study
period. The rhythm documented on ECG, Holter ECG or
event recorder during palpitation was sinus tachycardia
in 13 patients. Recurrence was noted in one patient during follow-up. An ECG performed during palpitation revealed recurrent SVT. This patient had received the ablation procedure with a 6-mm tip catheter. In this patient,
a second cryoablation procedure was scheduled. No recurrence was noted among the patients in the 8-mm
group.
No permanent cryoablation-related complications
occurred. A sudden AV conduction delay during cryoablation was detected in four patients throughout the
study period. Ablation was ceased immediately when
any sign of AV conduction delay was noted. In this situation, we interrupted the procedure until normalization of AV conduction. Three patients suffered from
an incomplete right bundle branch block, which resolved spontaneously at the end of the procedure on
the next day and 1 week later, respectively. A nodal

Age, years (min, max)
9.8 ± 2.6 (5-18)
Male
52 (48%)
Weight, kg (min, max)
24.6 ± 5.3 (15-68)
Procedure time, minute
109.8 ± 46
Follow up, month (min, max)
13.3 ± 5.8 (4-17)0
Acute procedural success
109/109 (100%)
Typical AVNRT (slow-fast)
94 (86%)
Fast-slow AVNRT
13 (12%)
Slow-slow AVNRT
2 (2%)
6 mm cryoablation catheter
93 (85%)
8 mm cryoablation catheter
16 (15%)
Ablation during tachycardia
67 (61%)
Ablation during sinus rhythm
42 (39%)
First degree atrioventricular block
0.3 (2.7%)
Permenant complete atrioventricular block
0 (0%)
Incomplete right bundle branch block
0.3 (2.7%)
Nodal rhythm
0.9 (8.2%)
Recurrence
0.1 (0.9%)
AVNRT, atrioventricular nodal reentrant tachycardia; kg,
kilogram; max, maximum; min, minimum; mm, milimeter.

rhythm was encountered in nine patients during the
procedures. A first degree and transient 2:1 second
degree AV block developed in three and two patients,
respectively.

DISCUSSION
In this study, we demonstrated the outcomes of
cryoablation procedures performed through the EnSite
system without using fluoroscopy in a pediatric cohort
with AVNRT. The acute success rate of the procedures
was excellent with a very satisfying recurrence rate in
the follow-up period.
Transcatheter ablation therapy has evolved as a safe
and feasible treatment option in patients with AVNRT
during the last 25 years.5,12,20 RF is the energy source
used for slow pathway ablation in these procedures,
with high success and low recurrence rates, and RF ablation is considered to be the treatment of choice in patients with AVNRT. However, the procedure is associated
with a non-negligible risk of AV block and concerns have
been raised with regards to its safety.5,9 Cryoablation
has been introduced as an alternative method to ablation to overcome this safety issue due to its advantages,
341
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to be dose dependent, and a cumulative dose of about
50 mGy was found to increase the risk of leukemia by
three times.18,22 Cho et al. evaluated 23 patients with
AVNRT who underwent RF ablation, and demonstrated
that the patients were exposed to a mean effective dose
of 20.7 (5.1-65.3) mGy of radiation during each procedure.23 Recently, electroanatomic mapping systems have
been introduced to offer significant reductions in fluoroscopy in catheter ablation procedures without compromising the safety and efficacy of the procedures.
These systems have been proven to be safe and feasible
in pediatric and pregnant patients, increasing the accuracy of the ablation techniques and reducing radiation
exposure of the fetuses, children and medical team.15,16,24
The EnSite system is capable of visualizing the real time
position and orientation of an ablation catheter, creating an activation or voltage map of a cardiac chamber
which can then be used to define the underlying mechanism of arrhythmias and tagging of important cardiac
structures for the ablation procedure which is useful for
guiding the ablative therapy.15,16,24 Fluoroscopy may be
needed for guidance in particular AVNRT patients with
systemic vein anomalies, however, we did not encounter
any issues reaching the right atrium through femoral
veins in any patient. All procedures were straightforward through the EnSite system with no significant and/
or persistent complications.

namely “cryomapping” and “cryoadhesion”. Cryoablation enables the application of low energy and thus slow
formation of a reversible lesion to check the position of
the ablation catheter and proximity of the lesion to the
AV node (cryomapping). Moreover, the freezing catheter tip firmly attaches to underlying myocardium enabling improved catheter stability (cryoadherence). Owing to these features, cryoablation has become more
popular than RF ablation, with comparable success and
recurrence rates and virtually no risk of AV block.5,9,21
Nonetheless, cryomapping has remained impossible
with 8-mm tip cryocatheters. In our series, we paid the
utmost attention to starting cryoablation far away from
His and antegrade fast pathway regions using these
catheters. If three attempts of 30 seconds of cryoablation were unsuccessful to cease the tachycardia (as in
four patients in our series), we performed the cryoablation during sinus rhythm. We did not experience any
antegrade fast pathway damage in this study. To the
best of our knowledge, there have been no reports of
permanent AV block due to cryoablation in pediatric patients with supraventricular arrhythmia substrates.
Therefore, we only used cryoenergy in our patients with
AVNRT.
Prior studies have shown that the rate of freedom
from recurrent AVNRT is higher in patients treated with
RF compared to cryoablation. A recent review study including 14 studies with more than 2300 patients with
AVNRT revealed that freedom from recurrent AVNRT
was achieved in 96.5% of the patients who received RF,
compared to 90.9% of those who received cryoablation
after a median follow-up of 10.5 months (p < 0.001).5 In
our cohort, freedom from recurrent AVNRT was achieved in 99% of the patients with a similar follow-up period. Our favorable results may be due to the number of
lesions given, the eyeball formation obtained around
the first effective lesion, the use of 8-mm tip catheters,
and the use of an electroanatomic mapping system for
guidance.
Conventionally, X-rays have been used for catheter
navigation in transcatheter ablation procedures. Children are very susceptible to ionizing radiation beginning
from fetal life.16 Pearce et al. demonstrated a significant
association between radiation exposure and leukemia
and brain tumors in children undergoing one or more
computed tomography scan. This association was found
Acta Cardiol Sin 2018;34:337-343

Limitations
Patients complaining of palpitation received ECG,
additional 24-hour Holter ECG and event recorder monitoring for 7 days. However, it is still possible that the
SVT may not have been demonstrated in some patients.
In addition, the relatively short duration of the study period kept us from making certain conclusions on recurrence rates.

CONCLUSIONS
We suggest that cryoablation via an electroanatomic mapping system is safe and effective in patients
with AVNRT. It has the benefits of avoiding ionizing radiation exposure for both the patient and operator, thus
reducing the lifetime risk of malignancy for this population.
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