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Abstract
Background Radiofrequency catheter ablation (RFCA) of the slow pathway in atrioventricular nodal reentry tachycardia 
(AVNRT) is associated with high efficacy and low risk of total perioperative or late atrioventricular block. This study aimed 
to evaluate the efficacy, safety, and feasibility of slow-pathway RFCA for AVNRT using a zero-fluoroscopy approach.
Methods Data were obtained from a prospective multicenter registry of catheter ablation from January 2012 to February 
2018. Consecutive unselected patients with the final diagnosis of AVNRT were recruited. Electrophysiological and 3-dimen-
sional (3D) electroanatomical mapping systems were used to create 3D maps and to navigate only 2 catheters from the femoral 
access. Acute procedural efficacy was evaluated using the isoproterenol and/or atropine test, with 15-min observation after 
ablation. Each case of recurrence or complication was consulted at an outpatient clinic during long-term follow-up.
Results Of the 1032 procedures, 1007 (97.5%) were completed without fluoroscopy. Conversion to fluoroscopy was required 
in 25 patients (2.5%), mainly due to an atypical location of the coronary sinus (n = 7) and catheter instability (n = 7). The 
mean radiation exposure time was 1.95 ± 1.3 min for these cases. The mean fluoroscopy time for the entire study cohort was 
0.05 ± 0.4 min. The mean total procedure time was 44.8 ± 18.6 min. There were no significant in-hospital complications. 
The total success rate was 96.1% (n = 992), and the recurrence rate was 3.9% (n = 40).
Conclusion Slow-pathway RFCA can be safely performed without fluoroscopy, with a minimal risk of complications and 
a high success rate.
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1  Background

Atrioventricular nodal reentry tachycardia (AVNRT) is the 
most common type of reentrant supraventricular tachycar-
dia [1, 2]. The substrate for AVNRT is the presence of dual 
atrioventricular (AV) nodal pathways. In most patients, per-
cutaneous radiofrequency catheter ablation (RFCA) remains 
the gold standard and most effective treatment of sympto-
matic AVNRT. It is also considered to be the first-line ther-
apy [1]. Patients subjected to this procedure usually do not 
require chronic pharmacological treatment [1, 2].

Slow-pathway RFCA or cryoablation is the preferred target 
during AVNRT ablation. Moreover, it is curative in approxi-
mately 95 to 98% of cases and is associated with a low risk 
of complications [2–18]. The major complication of RFCA, 
reported in less than 1% of cases, is accidental damage to the 
fast pathway in the AV node, leading to permanent AV block 
[2–4, 11, 12]. Conventional catheter ablation methods are based 
on the analysis of intracardiac signals to introduce and guide 
catheter movement using fluoroscopy. On the other hand, novel 
techniques employ precise 3-dimensional (3D) electroanatomic 
mapping of the cardiac structures. This allows clinicians to 
reduce radiation exposure during treatment, or in some cases 
even completely eliminate it [2–10, 12–16, 18–22]. Zero fluor-
oscopy is defined as the achievement of ablation without the 
use of any fluoroscopy [10, 21]. A systematic review and meta-
analysis revealed that zero or near-zero fluoroscopic guidance 
significantly reduced fluoroscopic time, radiation dose, ablation 
time, and lifetime risk of malignancy, as compared with con-
ventional fluoroscopic guidance [10]. At the same time, it was 
associated with a similar procedure duration, success rate, and 
the rate of recurrences and complications [10].

The use of the zero-fluoroscopy approach is especially 
important in children, pregnant women, young adults, and 
patients with immune dysfunction or repeated exposure to 
radiation [8, 9, 12, 14, 16, 17, 19–22]. The reduction of expo-
sure to ionizing radiation is not only beneficial for patients but 
also for operators during their long interventional career [8, 
12, 21, 23, 24]. Apart from lowering carcinogenic risk associ-
ated with X-rays, the zero-fluoroscopy approach significantly 
improves operator comfort by making lead aprons and special 
eye protection unnecessary [12, 15, 23].

The main objective of our study was to assess the safety, 
feasibility, efficacy, and limitations of the zero-fluoroscopy 
approach for catheter ablation of AVNRT guided by the 
Ensite NavX system. Moreover, the effect of selected demo-
graphic and clinical characteristics on procedure duration 
and recurrence of AVNRT was assessed.

2  Methods

Data were obtained from a prospective standardized multi-
center ELEKTRA and RARE-A CARE Registry of patients 
who had undergone a catheter ablation and an electrophysi-
ological study (EPS) between January 2012 and February 
2018. Unselected consecutive patients with the final diag-
nosis of AVNRT were recruited. The electrophysiological 
system (EP-Tracer, CardioTek, Maastricht, the Netherlands) 
and the 3D electroanatomical mapping system (EnsiteVe-
locityNavX, St. Jude Medical, St. Paul, MN, USA) were used 
to create 3D maps and to navigate only 2 catheters from the 
femoral access. The procedures were performed by 3 experts 
and 7 middle-advanced electrophysiology fellows-in-training. 
The acute efficacy of the procedure was evaluated using the 
isoproterenol and/or atropine test, with 15 min of observation 
postablation. The long-term follow-up of patients involved 
electrophysiologists, physicians, and a research nurse. Each 
case of recurrence or complication was consulted at an out-
patient clinic. Antiarrhythmic drugs were discontinued for 
a minimum of 5 half-lives prior to the study. The only con-
traindication to the zero-fluoroscopy approach was the pres-
ence of cardiac implantable electronic devices. Clinical and 
procedural data were obtained from a computer database.

A rare disease was defined as any disease that affects 
fewer than 1 in 2000 people, according to the definition 
established by the European Commission [25].

The following procedural parameters were assessed: the 
total procedure duration, time of consecutive procedural 
steps (time to first and last radiofrequency energy application, 
observation time), application time, radiation exposure (con-
version to fluoroscopy, fluoroscopic time), ablation complica-
tion rate, as well as acute and long-term (at least 1 month after 
ablation) success and recurrence rates. Selected demographic 
and clinical characteristics associated with a longer procedure 
duration and arrhythmia recurrence were identified. First, the 
effect of these characteristics on the duration of the procedure 
was assessed using the Mann–Whitney test. Subsequently, a 
multivariate linear regression analysis was performed.

Patients were followed from January 2016 to August 
2018. Moreover, we assessed a subgroup of patients with 
AVNRT with easily inducible persistent arrhythmia (spon-
taneous, mechanical, or after S1–S2 stimulation protocol 
without drug facilitation) for a differential diagnosis and 
endpoint analysis.

All patients provided their written informed consent prior 
to the procedure, and the study was performed with the 
consent of the Bioethics Committee in accordance with the 
Declaration of Helsinki. The RARE-A-CARE-REGISTRY 
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of rare cardiac arrhythmias and their current or unusual 
treatment was approved by the Bioethics Committee of the 
University of Rzeszów (Act No 5/4/2017).

2.1  Electrophysiological study and ablation

For the procedure with conversion to fluoroscopy, we used 
settings that involved minimum fluoroscopy exposure (4–8 
frames/s) as well as nonfluoroscopic navigation and imag-
ing. All centers used a similar 2-catheter approach with the 
femoral access. The EP-Tracer recording system (CardioTek) 
was used for all procedures to simultaneously record the 
input from all 12 electrocardiographic (ECG) leads and 
intracardiac signals. Under fluoroscopic or nonfluoroscopic 
guidance, one decapolar (APT Medical Inc., Shenzen, 
China; St. Jude Medical; or Biotronik, Berlin, Germany) 
nonsteerable catheter was placed in the coronary sinus (CS), 
and one steerable 7-French quadripolar catheter with an inte-
grated thermocouple (4-mm, 8-mm, or irrigated gold-tip 
catheters, Biotronik, St. Jude Medical) was used for mapping 
and ablation. The decapolar catheter was positioned in the 
CS, with a distal pair of electrodes (CS 9–10) located in the 
proximal CS and with a prominent arteriovenous ratio. The 
other catheter was positioned using a dynamic approach in 
the His bundle region, proximal CS, and right atrium. The 
standard protocol included 5-min CS cannulation, which 
is obligatory in minimally invasive and zero-fluoroscopy 
approach and in all fluoroscopy-guided procedures. Subse-
quently, an EPS was performed in each patient [12, 13].

During the EPS, fast programmable atrial and ventricu-
lar stimulation was used. If induction of tachycardia failed, 
2 to 3 extra stimuli were applied during the sinus rhythm. 
Subsequent attempts to induce arrhythmia as well as other 
diagnostic maneuvers were performed after a bolus admin-
istration of isoproterenol and/or atropine. Once the indica-
tion for ablation was confirmed, the procedure was initiated. 
The ablation site was chosen based on the electroanatomical 
mapping of the mid-septum with low-voltage atrial fraction-
ated potentials with an A/V ratio of 1/4 to 1/6. Overdrive 
right ventricular pacing during tachycardia, along with the 
evaluation of the transition zone as well as SA and AA fix 
intervals, was performed to exclude accessory pathways [12, 
13]. Standard or modified criteria for AVNRT were used 
[12, 13].

After at least 3 ablation applications, an EPS was repeated 
with (obligatorily) and without isoproterenol infusion. In 
patients with a difficult or atypical induction (e.g., thermal 
mapping), several attempts were made. In all cases, includ-
ing children, the final EPS was performed during conscious 
sedation.

The total procedure time was defined as an interval 
between catheter insertion and catheter removal. The fluor-
oscopy time was defined as the total duration of exposure 

during the procedure. Finally, the observation time was 
measured from the last radiofrequency application to cath-
eter removal.

2.2  Zero‑fluoroscopy approach

EnSite NavX™ is one of the most modern mapping and 
navigation systems. It allows a visualization and navigation 
of the intracardiac catheter arrangement in each cavity of 
the heart for diagnostic and therapeutic purposes. The sys-
tem was introduced at our institution in 2012, and the zero-
fluoroscopy approach was implemented within 3 months. The 
EnSite Precision™ Cardiac Mapping System has been used 
since 2018.

With the NavX system, clinicians can quickly create 
a detailed model of heart anatomy. Each catheter can be 
used to collect data, create static and potential maps, and 
perform ablation. Catheters were inserted into the heart 
through vessels in the right and left anterior oblique views. 
One of the catheters in the heart was used as a reference 
for reconstruction of the cardiac geometry. It was marked 
by applying a shadow to control the change of its position. 
The characteristic anatomic reference points were marked, 
and the location of the veins was determined by comparing 
multiple markers. Subsequently, virtual 3D intracardiac 
geometry was obtained (Fig. 1). During the procedure, the 
optimization and compensation breathing were performed. 
The nonfluoroscopic cardiac mapping system enables the 
evaluation of catheter–tissue contact and catheter stability 
in real time. It also allows clinicians to assess the arrange-
ment of cardiac anatomy as well a correlation between the 
ablation catheter and other intracardiac catheters. Thanks 
to these capabilities, catheter displacement and insufficient 
contact with the wall can be easily recognized even with-
out fluoroscopy (Fig. 2).

2.3  Radiofrequency ablation

Radiofrequency energy was delivered in the temperature 
control mode to the target area with a power output of 50 
to 60 W and a temperature of 50 to 60 °C. For this pur-
pose, an EP-Shuttle generator (Stockert, Bar Diamond, 
CA, USA) was used. After ablation, pacing and infusion 
of isoproterenol and/or atropine were performed during 
a 15-min observation to confirm ablation success. High-
output energy was applied for a short period of time. Radi-
ofrequency applications were stopped when AVNRT was 
induced or after up to 8 consecutive junctional ectopic 
beats. Moreover, radiofrequency energy delivery was 
stopped, and the catheter was repositioned if no junctional 
ectopic beats were recorded or no retrograde or antero-
grade AV block appeared within 15 to 20 s (Fig. 3) [12, 
13].
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2.4  Long‑term follow‑up

Patients underwent regular checkups with a Holter monitor 
test and a consultation at 1, 3, 6, and 12 months. The final fol-
low-up visits (at least 1 month after ablation) were scheduled 
between March and December 2018. The mean and median 
follow-up duration was 26 and 24 months, respectively.

Complications were defined either as those directly 
related to the procedure or those requiring additional 

interventions or a prolonged hospital stay. Long-term 
procedural success was confirmed if no clinical arrhyth-
mia was present on repeated ECGs and Holter monitor-
ing and if no pre-excitation was documented on ECG. 
In cases of short periods of unclear palpitations, trans-
mission by a tele-ECG monitoring system or EPS was 
advised. Recurrence was defined as reappearance of the 
same signs and symptoms as documented by an ECG 
recording of recurrent tachycardia.

Fig. 2  Simplified 3-dimensional 
electroanatomical mapping; the 
right and left anterior oblique 
views (30°)

Fig. 1  Simplified 3-dimensional 
electroanatomical mapping; the 
right and left anterior oblique 
views (30°)
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2.5  Statistical analysis

The results were presented as means ± standard deviation, 
median, and quartiles. Statistical significance was established at 
a p value of less than 0.05. The characteristics of patients were 
compared using the Mann–Whitney U test and the χ2 test. Sig-
nificant variables were identified using the stepwise regression 
model. The multivariate analysis of factors associated with pro-
cedure duration was performed using linear regression, while 
the analysis of factors associated with AVNRT recurrence was 
performed using the logistic regression model.

The logistic regression model formula for estimating 
the probability of AVNRT recurrence after ablation for 
coexisting congenital defect and total procedure time is 
as follows:

P =
exp(−3.9669 + 2.0327 × congentaldefect + 0.0136 × totalproceduretime[min])

1 + exp(−3.9669 + 2.0327 × congentaldefect + o.0136 × totalproceduretime[min])

The odds ratios and 95% confidence intervals were calculated. 
Data were collected using a Microsoft Excel spreadsheet and 
analyzed using Statistica 13.1 (StatSoft, Inc., Tulsa, OK, USA).

3  Results

3.1  Characteristics of the study group and ablation 
procedures

Between January 2012 and February 2018, 1032 consecutive 
patients were referred for electrophysiological procedures. 
After an EPS, patients with the final diagnosis of AVNRT 
were included in the analysis. Descriptive characteristics of 
the study sample are shown in Table 1.

Fig. 3  Final simplified 3-dimensional electroanatomic mapping for ablation of AVNRT



1236 Journal of Interventional Cardiac Electrophysiology (2023) 66:1231–1242

1 3

Of the 1032 procedures, 1007 (97.6%) were completed with-
out fluoroscopy. The reasons for conversion to fluoroscopy in 
25 patients were as follows: atypical location of the CS (n = 7), 
catheter instability (n = 7), need to control the passage of the 
catheter (n = 5), high skin impedance (n = 2), system failure 
(n = 2), another coexisting arrhythmia (n = 1), and difficulty in 
vascular access (n = 1). The mean radiation exposure time for 
these cases was 1.95 ± 1.3 min, while the mean fluoroscopy time 
for the entire study cohort was 0.05 ± 0.4 min. Only patients with 
implanted devices (pacemakers or implantable cardioverter-defi-
brillators) were not included in the registry.

The mean total procedure time was 44.8 ± 18.6 min. 
The median time was 40 min (lower quartile, 32 min; 

upper quartile, 53 min). The distribution of the total pro-
cedure time in the study group is shown in Fig. 4. The 
results for consecutive procedural steps were as follows: 
time to first application, 21 ± 10.3 min; time to last appli-
cation, 32.5 ± 25 min; and observation time, 13 ± 6.5 min. 
The mean application time was 5.48 ± 4.18 min.

The total success and recurrence rates are reported in 
Table 1. None of the patients experienced permanent AV block 
(the most common complication of RFCA). No significant in-
hospital complications occurred. Minor vascular complications 
such as hematomas and femoral artery pseudoaneurysm at the 
injection site were detected in less than 1% of patients (hema-
toma, n = 9; pseudoaneurysm, n = 1) (Table 1).

Table 1  Demographic, clinical, 
and procedural characteristics of 
the study group (n = 1032)

Abbreviations: AVNRT atrioventricular nodal reentry tachycardia, BMI body mass index, ICD implantable 
cardioverter-defibrillator, LVEF left ventricular ejection fraction, TIA transient ischemic attack

Parameter Value

Age (years), mean ± SD 47 ± 18.9
Age < 19 years, n (%) 125 (12)
Women, n (%) 675 (65.4)
BMI, mean ± SD 25.9 ± 5.3
Hypertension 425 (41.2)
Rare disease, n (%) 195 (18.9)
Structural heart disease, n (%) 89 (8.6)
Myocardial infarction, n (%) 54 (5.2)
Congenital defect, n (%) 22 (2.1)
Heart valvular disease, n (%) 22 (2.1)
Other comorbid arrhythmia, n (%) 144 (14)
Second ablated substrate, n (%) 75 (7.3)
Atypical AVNRT, n (%) 31 (3)
LVEF, n (%)  < 40% 7 (0.6)

40–49% 15 (1.4)
 ≥ 50% 1010 (98)

Diabetes, n (%) Total 74 (7.1)
Treated with oral medications 53 (5.1)
Treated with insulin 21 (2)

Stroke/TIA, n (%) 24 (2.3)
Smoking, n (%) Past 82 (7.9)

Active 138 (13.4)
Pregnancy, n (%) 4 (0.4)
ICD/pacemaker, n (%) 0
Anomaly of spine, n (%) 4 (0.4)
Total procedure time (min), mean ± SD 44.8 ± 18.7
Fluoroscopy time (min), mean ± SD 0.05 ± 0.4
Application time (ablation time, min), mean ± SD 5.48 ± 4.18
Observation time (min), mean ± SD 13 ± 6.5
No-X-ray approach, n (%) 1007 (97.6)
Total success rate, n (%) 992 (96.1)
Recurrence rate, n (%) 40 (3.9)
Severe complications, n (%) 0
Minor vascular complications at the injection site, n (%) 10 (0.97)
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Of all the procedures, 125 (12%) were performed in 
patients under the age of 19. Only 1 procedure required 
conversion to fluoroscopy during ablation, but it lasted only 
0.07 min due to several vascular access failures with ultra-
sound-guided puncture in a patient with spina bifida (single 
catheter approach from the jugular vein).

3.2  Association between selected factors 
and procedure duration

We assessed the effect of selected demographic and clinical 
characteristics on the duration of the procedure. The total pro-
cedure time was significantly longer in patients with coexisting 
arrhythmias, rare diseases, atypical type of AVNRT, and heart 
valve disease. On the other hand, the presence of hypertension 
and age older than 60 years were associated with a shorter pro-
cedure duration. The results are presented in Table 2.

The stepwise forward regression analysis identified 5 
independent variables associated with a prolonged pro-
cedure time. Ablation of the second substrate during the 
same procedure was associated with an increase in the 
procedure time by an average of 14.7%, followed by the 
presence of heart valve disease (12.6%), atypical type 
of AVNRT (7.8%), and coexisting arrhythmia (4.9%). 
On the other hand, older age was shown to reduce the 
procedure time by approximately 0.3% per year (e.g., in 
a 10-year-older patient, the procedure time is shorter by 
about 3.2%). The results are presented in Table 3.

Fig. 4  Distribution of total procedure time in the study group

Table 2  Effect of selected demographic and clinical characteristics on the total procedure time

Abbreviations: CS coronary sinus; others, see Table 1
p value was calculated using Mann–Whitney test
* p < 0.01, **p < 0.05, ***p < 0.001,

Parameter Effect p

No Yes

N Mean ± SD Median N Mean ± SD Median

Male sex 675 44.1 ± 17.3 40 357 46.1 ± 20.8 41 0.2518
Age (≥ 60 years) 723 45.9 ± 19.0 41 309 42.2 ± 17.4 39 0.0032**
BMI (obesity) 816 45.1 ± 18.7 40 216 43.6 ± 18.2 40 0.2815
Stroke/TIA 1008 44.9 ± 18.7 40 24 41.8 ± 13.7 40 0.6096
Diabetes (oral medications) 979 45.0 ± 18.8 40 53 41.7 ± 14.2 39 0.3244
Diabetes (insulin) 1011 44.8 ± 18.7 40 21 43.6 ± 16.1 40 0.8260
Hypertension 607 46.1 ± 18.6 41 425 42.9 ± 18.5 40 0.0012**
Past smoking 950 44.8 ± 18.6 40 82 44.5 ± 19.3 40.5 0.7436
Active smoking 894 44.7 ± 18.1 40 138 45.4 ± 21.9 40 0.9907
Myocardial infarction 978 44.9 ± 18.9 40 54 42.8 ± 13.6 43 0.9773
Heart valve disease 1010 44.6 ± 18.2 40 22 55.5 ± 31.3 49 0.0106*
Structural heart disease 943 44.8 ± 18.4 40 89 44.9 ± 20.5 43 0.7341
LVEF (1–2 vs 3) 1010 44.8 ± 18.7 40 22 44.6 ± 16.9 45.5 0.7273
Congenital defect 1010 44.7 ± 18.3 40 22 49.5 ± 30.4 42.5 0.5797
Atypical AVNRT 1001 44.5 ± 18.4 40 31 54.8 ± 21.7 49 0.0036**
Decapolar catheter located in the CS 64 49.2 ± 19.8 44 968 44.5 ± 18.5 40 0.0252*
Rare disease 837 43.1 ± 17.1 40 195 52.2 ± 22.6 47 0.0000***
Second ablated substrate 957 43.3 ± 17.3 40 75 63.5 ± 24.4 56 0.0000***
Coexisting arrhythmias 888 43.1 ± 17.0 40 144 55.5 ± 23.9 52.5 0.0000***
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3.3  Association between selected factors 
and recurrence of atrioventricular nodal reentry 
tachycardia

Recurrence of AVNRT was reported in 40 patients (3.9% 
of all procedures). These patients were compared with 

the remaining group. The analysis showed that patients 
with recurrence had a higher incidence of congenital 
defects and a longer procedure time (Table 4). There-
fore, the presence of a congenital defect and a longer 
procedure time can be considered as risk factors for 
AVNRT recurrence.

Table 3  Logarithmic 
transformation of the total 
procedure time (R2 = 11.5%; 
F = 26.5; p = 0.0000***)

R2—coefficient of determination (the percentage of the response variable variation that is explained by a 
model); test statistic F and p value for assessment of significance of whole model
B—regression coefficient (with 95% confidence interval)
p—assessment of significance; ß—standardized regression coefficient
Abbreviations: see Table 1
* p < 0.01, **p < 0.05, ***p < 0.001

Independent factor B (95% CI) exp(B) p b

Ablation of the second 
substrate

0.275 (0.161; 0.389) 1.147 0.0000*** 0.20

Age (years)  − 0.003 (− 0.004; − 0.002) 0.997 0.0000***  − 0.17
Heart valve disease 0.237 (0.089; 0.384) 1.126 0.0017** 0.09
Other arrhythmias 0.095 (0.009; 0.181) 1.049 0.0303* 0.09
Atypical AVNRT 0.150 (0.025; 0.275) 1.078 0.0184* 0.07

Table 4  Effect of selected 
parameters on the recurrence of 
atrioventricular nodal reentry 
tachycardia

p value was calculated using the χ2 test of independence for dichotomous variables and Mann–Whitney test 
for numerical factors
Abbreviations: see Tables 1 and 2
* p < 0.01, **p < 0.05, ***p < 0.001

Parameter Recurrence of AVNRT p

No (n = 992) Yes (n = 40)

Dichotomous variables, n (%)
  Sex (male vs female) 344 (34.7) 12 (30.0) 0.5389
  BMI (obesity) 207 (20.9) 9 (22.5) 0.8060
  Stroke/TIA 23 (2.3) 1 (2.5) 0.9413
  Diabetes (oral medications) 52 (5.2) 1 (2.5) 0.4405
  Diabetes (insulin) 21 (2.1) 0 (0.0) 0.3523
  Hypertension 407 (41.1) 17 (42.5) 0.8570
  Past smoking 80 (8.1) 1 (2.5) 0.1991
  Active smoking 130 (13.1) 8 (20.0) 0.2101
  Myocardial infarction 54 (5.4) 0 (0.0) 0.1294
  Heart valve disease 20 (2.0) 2 (5.0) 0.2007
  Structural heart disease 86 (8.7) 3 (7.5) 0.7948
  LVEF (1–2 vs 3) 21 (2.1) 1 (2.5) 0.8702
  Congenital defect 17 (1.7) 5 (12.5) 0.0000***
  Atypical AVNRT 29 (2.9) 2 (5.0) 0.4515
  Decapolar catheter located in the CS 931 (93.9) 36 (90.0) 0.3106
  Rare disease 185 (18.7) 10 (25.0) 0.3161
  Second ablated substrate 74 (7.5) 1 (2.5) 0.2357
  Coexisting arrhythmias 139 (14.0) 5 (12.5) 0.7849

Numerical factors, mean ± SD
  Age (years) 46.9 ± 19.0) 44.0 ± 17.6 0.2791
  Total procedure time (min) 44.5 ± 18.3 51.5 ± 24.3 0.0253*
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The results of the univariate analysis were in line with 
the findings from the multivariate analysis using logistic 
regression (Table 5). The presence of a congenital defect 
was shown to increase the risk of recurrence after ablation 
by up to 7.6-fold, and each additional minute of the proce-
dure increased the risk by 1.4%. The most frequent congeni-
tal heart defect was atrial septal defect in 11 patients (1%), 
ventricular septal defect in 6 patients (0.6%), coarctation of 
the aorta in 3 patients (0.3%), persistent left superior vena 
cava in 2 patients (0.2%), and tetralogy of Fallot in 1 patient 
(0.1%).

4  Discussion

Over the last years, various strategies have been used to 
reduce radiation exposure during arrhythmia ablation. This 
study presents the feasibility and safety of the minimally 
invasive and zero-fluoroscopy approach for catheter abla-
tion of AVNRT that almost eliminates radiation and the 
need to use protective lead aprons by medical staff. In 
the current study, this method was shown to be effective 
in most patients with AVNRT, and almost all procedures 
(97.6%) were successfully completed without fluoroscopy. 
Moreover, none of the patients experienced permanent AV 
block or any other significant complications. Our data are 
in line with the 2018 Spanish Registry of Catheter Abla-
tion, in which 3525 AVNRT ablation procedures were 
performed in 96 hospitals, with a success rate of 96%. 
Three-dimensional electroanatomical systems were used 
in 10.9% of cases, and most of these procedures were per-
formed without fluoroscopy [2].

4.1  Application of the EnSite system

The EPS study and ablation did not differ between fluoros-
copy and EnSite systems: in both cases, 2 electrodes were 
used. The quadripolar catheter was placed near the His bun-
dle, as shown on the map. The steerable decapolar cath-
eter was used to perform the mapping of the superior vena 
cava and right atrium, as well as to establish the outline 
of the tricuspid valve annulus. Subsequently, it was placed 

in the CS. The precise electrophysiological mapping of the 
Koch’s triangle and the search of the slow pathway’s electri-
cal potential were performed before radiofrequency applica-
tion [12, 13].

It is generally believed that catheters longer than 4 mm 
are less precise for ablation. However, in our study, we used 
8-mm catheters in 87 cases (8.43%) without compromising 
the efficacy of the procedure. Moreover, no differences in 
the safety profile were observed between procedures done 
with 8-mm catheters versus those employing 4-mm cathe-
ters. Most patients had comorbid arrhythmia that was treated 
during the same ablation procedure. In the Spanish registry, 
most procedures (96%) were performed with conventional 
4-mm-tip catheters, while 8-mm-tip catheters were used only 
in 1.1% of cases [2].

The main objective of RFCA with the electroanatomical 
system is an attempt to limit fluoroscopy time and radiation 
dose. There is growing awareness of the long-term effect 
of radiation exposure on the human body. Recently, several 
studies assessing the risks of such exposure have been pub-
lished [16, 21–24], focusing primarily on long-term cancer 
risk. The introduction of the 3D mapping ablation systems 
has significantly reduced the radiation exposure during the 
procedure both for medical personnel and patients [2–4, 
12–16, 19–23].

In a recent study, Matevž et al. [9] assessed the feasi-
bility, safety, and efficacy of radiofrequency ablation and 
cryoablation of AVNRT guided by the 3D electroanatomical 
mapping system without fluoroscopy. They concluded that 
fluoroless radiofrequency ablation or cryoablation can be 
routinely performed in all patients with AVNRT without 
compromising the safety, effectiveness, or duration of the 
procedure [9].

Li et al. [19] investigated the feasibility of RFCA without 
fluoroscopy in pregnant patients. The authors demonstrated 
that the zero-fluoroscopy approach has an acceptable safety 
and efficacy profile and constitutes a viable therapeutic 
option for pregnant women with a highly prevalent drug-
resistant arrhythmia. In our registry, 4 pregnant women were 
referred for nonfluoroscopic AVNRT procedures, achieving 
full therapeutic success with no recurrence and no periopera-
tive or late complications.

The use of the completely zero-fluoroscopy approach is 
also of great importance in children.

Krauze et al. [17] reported that the catheter ablation of 
various tachycardia substrates was overall effective and 
safe in pediatric patients, with a low complication rate and 
a high success rate at 1-year follow-up. In our study, we 
assessed 125 procedures (12%) performed in patients under 
the age of 19 years, and 96% of them were successful with-
out recurrence.

The NO-PARTY multicenter randomized controlled trial 
compared conventional fluoroscopy-guided procedures with 

Table 5  Effect of independent factors on the recurrence of atrioven-
tricular nodal reentry tachycardia: a multivariate analysis

Abbreviations: OR, odds ratio; others, see Table 1
* p < 0.01, **p < 0.05, ***p < 0.001

Independent factors Recurrence of AVNRT

OR (95% CI) p

Congenital defect 7.634 (2.608–22.348) 0.0002***
Total procedure time (min) 1.014 (1.000–1.027) 0.0438*
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procedures performed using the Ensite NavX system in 
patients undergoing an EPS for supraventricular tachycar-
dia. The results showed that a zero-fluoroscopy approach 
in the ablation of supraventricular tachycardia significantly 
reduced patient exposure to radiation while maintaining 
acceptable efficacy and safety profiles [20].

Another study assessing the safety, feasibility, and effi-
cacy of a completely zero-fluoroscopy approach for catheter 
ablation of supraventricular tachycardia using the EnSite 
NavX navigation system versus conventional fluoroscopy 
approach was performed by Chen et al. [14]. They confirmed 
that the EnSite NavX navigation system eliminated the need 
to use fluoroscopy, while achieving comparable success 
and complication rates to those observed for a conventional 
fluoroscopy approach.

The zero-fluoroscopy approach for mapping and navi-
gation during EPS and catheter ablation requires expertise 
in the management of patients with normal and structural 
heart disease. Świętoniowska-Mścisz et al. [26] reported 
successful right-sided zero-fluoroscopy ablation of 3 types 
of supraventricular tachycardia in a single patient with atypi-
cal vein connections such as persistent left superior vena 
cava. The zero-fluoroscopy approach can be used by expe-
rienced clinicians as a standard approach, and even cases 
with rare and complex cardiac anatomies, heart disease, or 
atypical blood vessels can be effectively treated. Morka et al. 
[27] reported that the minimally invasive zero-fluoroscopy 
approach was successfully implemented in most abla-
tion procedures of regular supraventricular tachycardia in 
patients with structural heart diseases and should become a 
standard approach.

In our study, conversion to fluoroscopy in the zero-fluor-
oscopy approach was necessary only in 25 procedures, and 
the mean radiation exposure time for those procedures was 
less than 2 min. The main reason for the use of fluoroscopy 
was to verify the position of the diagnostic electrode and to 
assess differences in cardiac anatomical structure.

In our study, only patients with implanted devices (pace-
makers or implantable cardioverter-defibrillators) were 
considered ineligible for the zero-fluoroscopy approach, 
as per the internal standards at our center. From the clini-
cal perspective, our near-zero protocol for ablation has 
always included preoperative and postoperative fluoros-
copy to assess the condition of endocardial leads. There 
are other imaging modalities that enable the zero-fluoros-
copy approach in these patients; however, neither intracar-
diac echocardiography nor early or late cardiac electronic 
implantable device implantation was used as eligibility cri-
terion for zero-fluoroscopy approach. These patients were 
primarily accepted for the near-zero fluoroscopy approach 
with an additional reduction of fluoroscopy time (data not 
shown). Recently, the first study was published showing that 
zero-fluoroscopy ablation for supraventricular arrhythmia 

using 3D mapping and intracardiac echocardiography in 
patients with cardiac electronic implantable device leads 
was feasible with careful catheter manipulation [28].

The introduction of the 3D electroanatomic mapping 
systems has created new possibilities for improving the effi-
ciency and safety of ablation procedures. EnSite NavX is 
currently one of the most modern mapping and navigation 
systems [12–14, 18, 21, 22, 29, 30]. It offers a simultaneous 
visualization of all catheters and is compatible with almost 
every available catheter, including a pacemaker electrode.

In clinical practice, it is increasingly common to cre-
ate computed tomography or magnetic resonance imaging 
datasets before the study. This method enables to precisely 
reconstruct unusual anatomical features or difficult areas, 
particularly in the left atrium. It also facilitates catheter nav-
igation and tissue contact visualization during the proper 
ablation procedure. [31].

The learning curve analysis is also an important compo-
nent in evaluating the effectiveness of ablation procedures 
[14, 18, 21, 22, 32]. Difficulty in catheter insertion into the 
CS was the primary factor affecting the duration of the time 
to first application. A growing experience with this radia-
tion-free approach should lead to complete elimination of 
fluoroscopy during AVNRT ablations and during the train-
ing of a new generation of invasive electrophysiologists.

5  Conclusions

With the advent of the 3D mapping systems, radiation expo-
sure during ablation procedures has been reduced, both for 
the medical personnel and for patients. Our results show that 
slow-pathway RFCA can be successfully performed with-
out fluoroscopy, offering a minimal risk of complications 
and a high success rate.
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