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Abstract
Background Radiofrequency ablation (RFA) and cryo-ablation (CRA) have been traditionally performed with fluoroscopy
which exposes patients and medical staff to the potential harmful effects of the X-ray. Therefore, we aimed to assess the
feasibility, safety, and effectiveness of RFA and CRA of atrioventricular nodal reentry tachycardia (AVNRT) guided by the
three-dimensional (3D) electro-anatomical mapping (EAM) system without the use of fluoroscopy.
Methods We analyzed 168 consecutive patients with AVNRT, 62 of whom were under 19 years of age (128 in RFA (age
34.04 ± 21.0 years) and 40 in CRA (age 39.41 ± 22.8 years)). All procedures were performed completely without the use of the
fluoroscopy and with the 3D EAM system.
Results The acute success rates (ASR) of the two ablation methods were very high and similar (for RFA 126/128 (98.4%) and for
CRA 40/40 (100%); p = 0.43). Total procedural time (TPT) was similar in RFA and CRA groups (75.04 ± 42.31 min and
73.12 ± 30.54 min, respectively; p = 0.79). Recurrence rates (1 (2.5%) and 8 (6.25%); p = 0.35) were similar. There were no
complications associated with procedures in either group. In pediatric group, ASR (61/62 (98.38%) and 105/106 (99.05%),
respectively; p = 0.69) and TPT (75.16 ± 42.2 min and 74.23 ± 38.3 min, respectively; p = 0.88) were similar to the adult group.
High ASR was observed with both ablation methods (for RFA 49/50, 98%, and for CRA 12/12, 100%; p = 0.62] with very high
arrhythmia-free survival rates (for RFA 98% and for CRA 100%; p = 0.62).
Conclusion Based on these results, it can be suggested that fluoroless RFA or CRA guided by the 3D EAM system can be
routinely performed in all patients with AVNRT without compromising safety, efficacy, or duration of the procedure.
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1 Introduction

Atrioventricular nodal reentrant tachycardia (AVNRT) is the
most common regular supraventricular arrhythmia in adults
and children [1]. Catheter radiofrequency ablation (RFA)
and cryo-ablation (CRA) procedures are considered to be the
first-line treatment option for AVNRT. These procedures have
high acute success rates, low recurrence rates, and low

incidence of complications [1–7]. Conventionally, fluorosco-
py is used as an effective method to guide catheters and to trail
their location during catheter ablation procedures [8].
However, fluoroscopy exposes patients and medical staff to
potentially harmful stochastic (non-dose-dependent) and de-
terministic (dose-dependent) radiation effects with no known
safe dose [9–11]. Therefore, the ALARA (as low as reason-
ably achievable) principle should be followed to reduce or
eliminate radiation exposure in electrophysiological proce-
dures [12].

Non-fluoroscopic approach with three-dimensional (3D)
electro-anatomical mapping (EAM) abolishes radiation expo-
sure in various ablation procedures in adult and pediatric pop-
ulation [13–24]. In selected patients with higher risk of atrio-
ventricular (AV) nodal damage, CRA could present a safer
option compared with RFA. However, RFA is still the pre-
ferred ablation method for supraventricular tachyarrhythmias
(SVTs) in children and adults [4, 6]. Moreover, there are only
a few studies that focused on the safety and efficacy of CRA
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without the use of fluoroscopy in both pediatric and adult
patients with AVNRT [16, 17].

In the present study, we aimed to compare the feasibility,
safety, and effectiveness of fluoroless CRA and RFA proce-
dures in pediatric and adult patients with AVNRT.

2 Materials and methods

2.1 Study population

In this retrospective study, we analyzed 168 consecutive pa-
tients with AVNRT that had ablation procedures performed in
our institution from December 2014 until December 2019.
Only first-time procedures performed with either only CRA
or only RFA were included in the analysis. Procedures with
crossover between both methods and repeat procedures were
excluded from analysis. All patients had a history of paroxys-
mal palpitations and had ECG documentation of their clinical
tachycardia. Clinical examination, laboratory examinations,
and echocardiography were performed before the procedure.
Anti-arrhythmic drugs were discontinued at least 1 week be-
fore the procedure.

2.2 Ablation procedures

Procedures were preferably performed in conscious sedation,
except for patients aged 14 years or less in which general
anesthesia was used. Femoral vein punctures were performed
to access the heart. All procedures were performed completely
without the use of the fluoroscopy and with the 3D EAM
system (EnSite™ NavX™ Velocity™ and later Precision™,
Abbott Park, Illinois, USA). When trans-septal puncture was
needed, we used intra-cardiac echocardiography (ICE,
Acuson AcuNav™, Biosense Webster, Irvine, California,
USA) for puncture guidance.

2.3 Placement of catheters

Once the femoral access was obtained, the 3D EAM system
was initialized, and a 10-polar deflectable diagnostic catheter
was placed inside the femoral vein and advanced to the right
atrium. A 3D anatomical map was created during the advance-
ment of the 10-polar deflectable diagnostic catheter, so the
entire path of the catheter from the groin to the right atrium
was recorded and used for the advancement of other catheters.

After the 10-polar deflectable diagnostic catheter reached
the right atrium, which was recognized by the appearance of
endocardial voltage signals on a system for recording and
analysis of intra-cardiac electrograms, a partial 3D EAM
map of the right atrium was created. In the process, the loca-
tion of the His bundle was tagged. Finally, the diagnostic
catheter was advanced into the coronary sinus, and a shadow

of the catheter was used as a location reference in the case of a
map shift. Further catheters were advanced from the groin to
the right atrium in a similar fashion. Typically, only a 10-polar
diagnostic catheter and an ablation catheter were used. Either
a non-irrigated 4-mm tip RFA catheter (Celsius®, Biosense
Webster, Irvine, California, USA) or CRA catheter (4 mm or
6 mm, Freezor™ or Freezor Xtra™, Medtronic, Minneapolis,
USA) was used after the completion of the diagnostic part of
the procedure. In our institution, slow pathway ablation in
children is routinely performed using cryo energy with a 4-
mm tip catheter in order to be more selective in creating the
ablation lesion.

2.4 The electrophysiology study

A typical electrophysiology study (EPS) was performed: pro-
grammed stimulation from the right ventricle, followed by
programmed stimulation from the proximal coronary sinus.
We searched for a possible jump of conduction to the slow
pathway. The goal of the study was the induction of the
tachycardia.

Additional diagnostic maneuvers during ongoing tachycar-
dia were performed when needed.

2.5 Radiofrequency ablation of the slow pathway

Once the diagnosis of AVNRT was confirmed and when ra-
diofrequency (RF) was used as an energy source for ablation,
the rest of the procedure was continued in sinus rhythm. The
technique used in RFA cases was a slight modification of the
established anatomical approach [25, 26]. The RFA catheter
tip was positioned in the anatomical location of the slow path-
way, and ablation was started at 20 W. If nodal rhythm was
observed within 20 s of ablation, the power was increased to
30 W for 10 s and later to 40 W. RF ablation was continued
until the disappearance of nodal response or until 60 s of
ablation time elapsed.

2.6 Cryo-mapping and cryo-ablation of the slow
pathway

In the CRA group, the initial approach in all procedures was
cryo-mapping in the region of the slow pathway during ongo-
ing AVNRT, with a switch to cryo-ablation when termination
of tachycardia within 20 s of reaching − 30 °C was achieved.
When cryo-mapping was not possible due to catheter instabil-
ity, cryo-ablation was used during ongoing AVNRT for up to
10 s at − 70 °C or lower. When AVNRT was not readily
inducible, termination of the slow pathway conduction was
targeted with cryo-mapping during programmed stimulation
with atrial extra stimuli that induced manifest slow pathway
conduction such as atrioventricular prolongation combined
with at least one atrial “echo” beat. If slow pathway
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conduction was blocked, cryo-mapping was converted to
cryo-ablation. After the initial successful cryo-ablation, an im-
mediate additional cryo-ablation lesion (i.e., “bonus” lesion)
was always added. Cryo-ablation was uniformly applied for
240 s at each location. If any form of AV conduction distur-
bance occurred during tissue cooling, cryo-mapping or cryo-
ablation was at once terminated.

2.6.1 Definition of procedural time, total ablation time,
procedural success, complications, and follow-up

Procedural time (PT) was defined as the time interval from the
placement of the venous sheaths to their removal at the end of
the ablation procedure. Total ablation time (TAT) was defined
as time spent delivering radiofrequency energy to the tissue or
cooling the tissue with cryo-ablation. TAT was recorded au-
tomatically by the RFA generator or the cryo console. After
ablation endpoints were achieved, we repeated the EPS, with
and without administration of isoproterenol, to test the induc-
ibility of the tachycardia. The procedural endpoint was the
non-inducibility of AVNRT. If this was reached, the proce-
dure was deemed acutely successful. If residual slow pathway
conduction in the form of a single atrial “echo” beat was
recorded, it was not considered a failure.

All patients underwent a post-procedural echocardiogram
and clinical examination to exclude pericardial effusion or
other acute complications. Any early (during the same hospi-
tal stay) or late complications were reported by the physician
performing the follow-up. Patients were followed clinically
and with the 12-lead ECG recordings 1 month after the pro-
cedure and every 6 months thereafter. The 24-h Holter ECG
recordings were performed at the discretion of the physician
performing the follow-up. Any recorded AVNRT recurrences
were used to calculate long-term success rate (LTSR, same as
arrhythmia-free survival rate) and recurrence rate (RR).

2.7 Statistical analysis

The statistical analyses were carried out using the IBM
SPSS software version 24.0 for Windows (IBM
Corporation, Armonk, NY, USA). Continuous variables
were presented as mean ± standard deviation (SD), while
categorical variables were presented as n or ratio. Since
almost all values of baseline demographics and clinical
characteristics were normally distributed, unpaired
Student’s t test was used to compare groups in terms of
these parameters. Multiple group comparisons were per-
formed with one-way ANOVA. Pearson Chi-square test
and Fisher exact test were performed to compare categor-
ical variables between groups. p Value was considered
significant when it was less than 0.05.

3 Results

There were 40 patients in the CRA group (62.5% females,
age 39.41 ± 22.8 years) and 128 patients in the RFA group
(63.4% females, age 34.04 ± 21.0 years). There were no
patients with congenital heart disease. Conventional car-
diovascular risk factors were mostly absent, except for
those indicated in Table 1. There were no statistically sig-
nificant differences in demographic and clinical parameters
between both groups.

Detailed demographic and clinical characteristics of the
study population are shown in Table 1. The ASR of the abla-
tion procedure was mildly higher in the CRA group compared
with the RFA group (40/40 (100%) and 126/128 (98.4%),
respectively; p = 0.43). The RFA group was followed for a
longer period than the CRA group (503.0 ± 396.9 days and
296.4 ± 181.9, respectively; p < 0.001). LTSR was higher in
the CRA group (97.5% (39/40) and 93.8% (120/128), respec-
tively; p = 0.55), resulting in a non-significantly higher RR
(CRA and RFA, respectively; 1 patient (2.5%) and 8 patients
(6.25%); p = 0.35) in the RFA group. PT was similar in RFA
and CRA groups (75.04 ± 42.31 min and 73.12 ± 30.54 min,
respectively; p = 0.79); TAT was significantly higher
(978.4 ± 505.1 s and 247.7 ± 192.6 s, respectively; p <
0.0001) in the CRA group when compared with the RFA
group. At the last follow-up, one patient in the CRA group
(1/40, 2.5%) and 14 patients in the RFA group (14/128, 11%)
were treated with anti-arrhythmic drugs. Detailed results are
shown in Table 2.

Sixty-two pediatric AVNRT patients, under 19 years of
age (36/62 females, average age 12.94 ± 3.49 years) were
included in our study. When compared with adult pa-
tients, ASR (61/62 (98.4%) and 105/106 (99.1%), respec-
tively; p = 0.85), RR (1 patient (1.61%) and 8 patients
(7.54%), respectively; p = 0.18), PT (76.6 ± 42.5 min
and 74.2 ± 38.3 min, respectively; p = 0.71), and TAT
(403.4 ± 589.6 s and 451.8 ± 391.2 s, respectively; p =
0.53) were similar. High ASR (for CRA 12/12, 100%, and
for RFA 49/50, 98%) was observed with both ablation
methods. This pediatric patient group was followed for a
longer period than the adult group (563.03 ± 399.6 days
and 393.7 ± 341.2 days, respectively; p = 0.012).
Additionally, pediatric group had similar LTSR with both
methods (100% with CRA and 98% with RFA; p = 0.62)
and no periprocedural complications.

In the CRA group, 28 patients (70%, 28/40) had cryo-
mapping performed during ongoing tachycardia (Figs. 1 and
2). In those patients time to termination (TT) of tachycardia
during cryo-mapping was 6.94 s. In the rest of patients,
AVNRT was not re-inducible after the initial induction, and
cryo-mapping was performed during repeated programmed
atrial stimulation with clear slow pathway conduction as
shown in Figs. 3 and 4.
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There were no complications associated with procedures.
No fluoroscopy was used during procedures.

4 Discussion

The results of our study show that CRA and RFA procedures
can be successfully and safely performed in AVNRT patients
without the use of fluoroscopy. ASR was excellent (100% for
CRA and 98.4% for RFA), and RRwas low (2.5% in the CRA
group and 6.25% in the RFA group) in adult and pediatric
patients. Most of CRA procedures were successfully per-
formed with cryo-mapping during ongoing AVNRT with a
reasonable TT. In addition, there was a trend toward lower
RR in the CRA group.

RFA and CRA with the use of fluoroscopy are well-
established techniques for AVNRT treatment [2–7].
Santangeli et al. [4] analyzed a total of 2340 patients in

5 prospective randomized and 9 retrospective studies in a
systematic review. Although RFA was associated with
shorter PT, there was no significant difference in ASR
between RFA and CRA (88% versus 83, respectively;
p = 0.157). However, permanent AV block was reported
in 0.87% of cases in the RFA group and none in the CRA
group (p = 0.035). During median fol low-up of
10.5 months, arrhythmia-free survival rate was signifi-
cantly higher in the RFA group (96.5% versus 90.9%;
p < 0.001). Similarly, Hanninen et al. [5] analyzed a total
of 5617 patients in 14 trials and reported that ASR with
RFA was non-significantly higher than with CRA. CRA
was associated with the reduced risk of permanent AV
block (0.75% vs 0%) and shorter fluoroscopy time
(13.5 min vs 15.9 min). However, these advantages were
balanced by a lower arrhythmia-free survival rate (93.3%
vs 96.2%) and longer PT. Nonetheless, this analysis sug-
gests that CRA technique could represent a reasonable

Table 2 Periprocedural
characteristics of the study
population

Cryo-ablation
(n = 40)

RF ablation
(n = 128)

p
Values

Total procedural time (min) 73.12 ± 30.54 75.04 ± 42.31 0.79

Total ablation time (sec) 978.4 ± 505.1 247.7 ± 192.6 0.0001

Acute procedural success rate (%) 100% (40/40) 98.4% (126/128) 0.43

Long-term success rate (%) 97.5% (39/40) 93.8% (120/128) 0.55

Recurrence rate (n, %) 1 (2.5%) 8 (6.25%) 0.35

Follow-up (days) 296.4 ± 181.9 503.0 ± 396.9 0.001

Atypical AVNRT (n) 3 2 0.054

Number of lesions (n) 4.05 ± 2.1 10.17 ± 8.3 0.0001

Transient first/second/advanced degree AV block
(n)

3 3 0.57

Permanent complete AV block (n) 0 0 -

Puncture site complications (n) 0 0 -

Pericardial effusion requiring pericardiocentesis
(n)

0 0 -

Table 1 Demographic and
clinical characteristics of the
study population

Cryo-ablation (n = 40) RF Ablation (n = 128) p Values

Age (years) 39.41 ± 22.81 34.04 ± 20.97 0.19

Gender (female) 62.5% (n = 25) 64.06% (n = 82) 0.85

Body mass index (kg/cm2) 22.82 ± 5.04 22.78 ± 5.74 0.97

Diabetes mellitus (n) 1 2 0.69

Heart failure (n) 1 2 0.69

Coronary artery disease (n) 1 3 0.95

Prior myocardial infarction 0 2 0.43

Hypertension (n) 8 20 0.51

Cardiomyopathy (n) 0 4 0.26

Prior ablation procedures (n) 0 1 0.57

Antiarrhythmic drug use (n) 6 (15%) 30 (23.4%) 0.25
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Fig. 1 A 3D EAM partial reconstruction of the right atrial anatomy
relevant for AVNRT ablation. a Anteroposterior view. b Left lateral
view. White dots mark the course of the tricuspid annulus, yellow dots
mark the His location, and green dots mark the location of cryo-mapping

at the presumed slow pathway location. Blue dots mark cryo-ablation
lesions at the initial successful cryo-mapping sites. SVC superior vena
cava, IVC inferior vena cava, CS coronary sinus

Fig. 2 Surface electrocardiogram (ECG) and intra-cardiac electrogram
(iECG) tracings of AVNRT terminated with cryo-mapping at the slow
pathway location. The asterisk marks the occurrence of conduction block
in the slow pathway and AVNRT termination. I, II, V1, V3, and aVF are
surface ECG tracings; CSD-CSP are iECG tracings from the 10-polar

catheter placed in the coronary sinus; CRYO-D and CRYO-P are iECG
tracings from the distal and proximal bipoles of the cryo-ablation catheter
with some signal noise due to cryo-mapping induced cooling of the cath-
eter tip
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alternative especially when procedural safety is preferred
over long-term arrhythmia-free survival.

Despite all these positive aspects of fluoroscopy-
guided RFA and CRA, new methods were introduced to
minimize the exposure to ionizing radiation. There are

several studies that report feasibility of 3D EAM-guided
RFA or CRA in SVT patients [16, 18–24]. A multi-center
randomized prospective trial comparing 3D EAM-guided
minimal fluoroscopy procedures with conventional
fluoroscopy-guided procedures for treatment of SVTs

Fig. 4 Surface electrocardiogram (ECG) and intra-cardiac electrogram
(iECG) tracings of repeated programmed atrial stimulation with the block
of slow pathway conduction during cryo-mapping. The double slash
marks the occurrence of conduction block in the slow pathway; the ar-
rowhead marks the occurrence of nodal escape beat appearing after the

loss of atrioventricular conduction. I, aVL, and V2 are surface ECG
tracings; CSD-CSP are iECG tracings from the 10-polar catheter placed
in the coronary sinus; CRYO-D and CRYO-P are iECG tracings from the
distal and proximal bipoles of the cryo-ablation catheter with prominent
signal noise due to cryo-mapping induced catheter tip cooling

Fig. 3 Surface electrocardiogram (ECG) and intra-cardiac electrogram
(iECG) tracings of repeated programmed atrial stimulation. The line with
double arrowheads marks the long atrioventricular interval typical for
slow pathway conduction; the arrow marks the atrial “echo” beat

indicating retrograde fast pathway conduction. I, aVL, and V2 are surface
ECG tracings; CSD-CSP are iECG tracings from the 10-polar catheter
placed in the coronary sinus; CRYO-D and CRYO-P are iECG tracings
from the distal and proximal bipoles of the cryo-ablation catheter
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showed similar success and complication rates between
both approaches [21]. Based on these results, Casella
et al. [21] proposed that the use of the 3D EAM system
in SVT ablation could significantly reduce radiation ex-
posure without compromising safety and efficacy. In a
population similar to ours, Stec et al. [19] showed that
totally fluoroless approach in SVT patients produces com-
parable results to standard fluoroscopy-based technique.
Unlike the results of our study, they determined that pe-
diatric patients had significantly higher RR compared
with adults (16.0% vs 5.3%) [19]. Based on our results,
we could hypothesize that the use of CRA in our cohort
produced lower RR. Moreover, retrospective studies of
combined use of the 3D EAM and the RFA in patients
with SVTs by Giaccardia et al. [18] and Santoro et al.
[24] produced similar findings regarding success rates
and safety. In addition, meta-analysis based on 10 clinical
articles involving 2.261 patients suggested that zero or
near-zero fluoroscopic ablation significantly reduced fluo-
roscopic time, radiation dose, ablation time, and lifetime
risk of malignancy without compromising success rates
and causing significant procedural prolongation [27].
However, most of these studies included only adult pa-
tients with various types of SVTs, and specific analyses
related to AVNRT patients were not provided in detail.
Additionally, although different 3D EAM technologies
were used, only RFA was used as the ablation method.
Recently, Balli et al. [14] reported low RR with fluoroless
CRA approach in 109 pediatric patients with AVNRT. In
a single-center study similar to ours, Scaglione et al. [15]
examined the efficacy of fluoroless CRA with the use of
the 3D EAM system in a small-sized pediatric population
with AVNRT. In this study, they reported a 92% overall
efficacy of CRA with a few patients requiring a second
ablation and fluoroscopy-guided RFA.

4.1 Clinical implications

Two clinical implications of our analysis should be
highlighted.

First, it seems that fluoroless AVNRT ablation procedures
in adult and pediatric patients can be performed without
compromising efficacy and procedural duration. The results
of our study are in line with recently published data of
fluoroless CRA and RFA in patients with AVNRT that show
a positive trend regarding higher success rates combined with
lower PT [13–17].

Second, fluoroless CRA might not be less effective than
fluoroless RFA for treatment of AVNRT.

Favorable results in the CRA group in our study can at least
partly be attributed to utilization of two ablation strategies as
needed. The first was cryo-mapping during the ongoing
AVNRT with a low average TT. A technique used in 65%

of CRA procedures in our study and previously published by
Eryazici et al. [28] resulting in similar LTSR (98.9%) and RR
(3.7%).

The second was cryo-mapping with targeting slow path-
way during programmed stimulation with atrial extra stimuli
that induced manifest slow pathway conduction.

Additionally, it can be assumed that the 3D EAM system
provides more accurate and reliable information about anato-
my and catheter position compared with fluoroscopy, which
might have an additional contribution to efficacy when com-
bined with cryo-mapping and subsequent cryo-ablation at the
same micro-location in the Koch triangle.

The described favorable CRA outcomes should be con-
firmed in larger, randomized studies.

4.2 Study limitations

There are some study limitations decreasing the value of
our conclusions. Firstly, this study is observational with-
out a control group, and it is not randomized to compare
the fluoroscopy-based and fluoroless CRA and RFA.
Secondly, the protocol used for RF ablation of the slow
pathway in this study might differ slightly from RFA pro-
tocols in other published studies, which might limit the
ability to compare the results. Thirdly, all procedures were
performed by a single operator, already experienced in
fluoroless AVNRT ablation, thus making any analysis of
a possible learning curve difficult. Fourthly, the follow-up
period for the detection of possible recurrences of arrhyth-
mias was short in the CRA compared with the RFA
group. It is reasonable to assume that with a longer fol-
low-up, more patients would experience recurrences.
Fifthly, due to exclusion criteria used in our analysis, it
is possible that in the “real life” clinical setting, CRA or
RFA of AVNRT might result in less favorable outcome.
Finally, sizes of the compared CRA and RFA groups are
very different (40 vs 128 patients), which limit the value
of our analysis.

5 Conclusions

Both CRA and RFA can be effectively and safely performed
without the use of fluoroscopy in AVNRT patients. Moreover,
CRA may present a safer and more effective alternative to
RFA, especially in pediatric patients with AVNRT.
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