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ABSTRACT

Introduction: Radiofrequency Ablation (RF) of Nodal Reentry Tachycardia (AVNRT) requires precision to avoid AV block. 3D Electro-Anatomic Mapping
(EAM) systems allowed to reduce radiological exposure. We sought to evaluate safety and efficacy of AVNRT ablation, analyzing tip stability with a EAM
system aiming a Minimal Fluoroscopic Approac (MFA).

Methods: Consecutive patients (pts) with AVNRT were submitted to ablation using an EAM system. Ablation was performed with a flexible-tip Irrigated
Catheter (IAC,) whose stability was quantified by the SD of the catheter coordinates in 3 axes of space (X,Y,Z)

Results: 50 pts with AVNRT were treated with RF (12 males, age 52,5 + 16,6 years). The success rate was 100%, with a mean procedure time of 134
+ 40 min, a mean fluoroscopy (fluo) time of 0,63 + 1,97 sec and a very low mean fluo dosage (166 cGy/ cm2). In 44 pts (88%) no fluo was used. The mean
distance between RF and fast pathway was 14.9 + 5.3 mm, while the average SD of the position of the ablation catheter during RF was 0.75 + 0.50, 1.17 +
0.78, 1.06 + 0.54 mm respectively in the X-Y-Z axes, confirming a great stability of ablation catheter. After a mean FU of 12 + 6,4 months 48 patients (96%)

showed no recurrence. No complications occurred.

Conclusion: The MFA using a IAC is a safe, cost-effective, feasible alternative to a manual approach for AVNRT ablation. EAM allowed for the first
time the analysis of the exact tip position in 3D-axes, ensuring adequate stability of ablation catheter, minimizing the fluo time and without compromising

success rates or safety.

Keywords: AVNRT; 3D mapping system; Irrigated tip catheter; Ablation; Zero X ray

INTRODUCTION AND PURPOSE OF THE
STUDY

Atrioventricular Nodal Re-Entrant Tachycardia (AVNRT) is
the most common Supraventricular Tachycardia (SVT) in adults,
accounting for approximately 70% of paroxysmal SVT [1,2].

Older studies reported initial success rates of catheter ablation of
the AV nodal slow pathway as high as 97% with 5% rate of recurrence
over 2 years [3].

On the other hand, prior series showed rates of complete AV
block requiring pacemaker implantation of 0.8-1.3% [3-5]. The
conventional approach to catheter ablation of AVNRT was described
more than 25 years ago and involves empiric Radiofrequency (RF)
ablation of the slow pathway site using fluoroscopic anatomical
landmarks and specific intra-cardiac electrograms. More recently,
alternative ablation strategies have been introduced including the use
of cryoablation, irrigated radiofrequency ablation, and 3D Electro-
Anatomic Mapping (EAM) with the aim of reducing procedural
complications and radiation exposure [6-9].

Fluoroscopy during RF ablation of SVT exposes patients and
operators to ionizing radiation.

The demand for reducing radiation exposure by optimizing
fluoroscopy or by the use of advanced technologies during these
procedures is particularly important, following the ALARA (as
low as reasonably achievable) principle and aiming the Minimal
Fluoroscopic Approach (MFA) [9-12].

It is well known that radiation increases the lifetime risk of
certain tumors, via stochastic and non-stochastic effects. The latent
period between radiation exposure and cancer presentation implies
that younger patients are more susceptible to this risk (because in
elderly patients this latent period is more likely to exceed the patient’s
life expectancy). Many patients undergoing SVT ablation are quite
young, and SVT ablation is common also in the paediatric population
[13].

Patients are at risk, but operators too; a growing evidence shows
that in physicians who perform fluoroscopic-guided procedures
radiation exposure is related to tumours of the brain and neck [14],
vascular disease [15], cognitive impairment [16].
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Given these well-recognized hazards, it is very important to
develop and encourage zero- or near-zero-fluoroscopic approaches
in EP laboratory, in order to minimize such risks. These are especially
important in high-risk populations, including children, young people
and pregnant women. The benefits of using 3D EAM systems in the
EP lab have been documented in several recent reports [12,17]. The
advent of EAM allowed to reduce the radiological exposure and to
monitor the stability of the catheter during the procedure.

The purpose of the present study is to assess safety and efficacy
of ablation procedure for AVNRT and to evaluate the stability of
flexible-tip Irrigated Ablation Catheter (IAC) during procedure,
driven by an EAM system, aiming a zero or near-zero fluoroscopic
approach.

METHODS
Electrophysiology study

Informed written consent was obtained prior to all procedures.
Being a prospective study, all consecutive patients with SVT deemed
to perform AVNRT ablation were included without selection bias.
Diagnosis, procedural strategies, and treatment decisions were
specified by protocol. For all electrophysiology studies, vascular
access was obtained through both femoral veins and electrode
catheters were then advanced under electroanatomic mapping
guidance avoiding fluoroscopy from femoral veins to the target site.
The ablation procedure was performed using a FlexAbility™ - sensor-
enabled™ (St Jude Medical/Abbott Inc) irrigated ablation catheter
with a 4 mm tip, with Ensite Precision (Abbott Inc) magnetic and
impedance-based 3D EAM system to create an electroanatomic
cardiac shell.

The procedure was guided by the EAM, allowing the measurement
of fast and slow pathway location. The AH intervals were measured
during pacing from different sites of Koch triangle, in order to mark
slow and fast pathway locations and identify the effective RF site.
IAC was used to obtain right atrium EAM, with particular concern in
Koch’s triangle. All sites with His Bundle potentials were annotated
with the EAM.

The ablation catheter was placed in the posteroseptal slow
pathway region. RF energy was applied to the lowest part of the Koch’s
triangle showing a local slow pathway electrogram (multiphasic atrial
component) and/or an A-V amplitude ratio from 1:4 to 1:2.
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At target sites, RF energy applications with IAC, ranging from
15W (close to the HIS Bundle) to 30w at 40°C temperature, were
delivered. During RF, stability of the tip of ablation catheter was
analyzed and continuously checked in all 3 axes by evaluating the
mean distance from target site during RF delivery and the mean
distance from fast pathway.

Real-time position of the catheter tip was recorded and tracked
by the EAM.

Catheter stability during RF delivery was quantified by the
Standard Deviation (SD) of the catheter tip coordinates. The
presence of irritative junctional rhythm during RF delivery and
the corresponding catheter tip location were also recorded and
considered for stability analysis.

The presence of junctional beats during ablation was judged as
indicative of a correct ablation site. If no junctional beats occurred,
RF was stopped after 20-30 s and another site was checked If AVNRT
was still inducible, the ablation catheter was moved to more superior
sites without His bundle electrograms or near the ostium of coronary
sinus.

The endpoint of ablation was non-inducibility of AVNRT
without evidence of AV nodal slow pathway conduction (i.e. slow
pathway ablation) or jump with just only single nodal echo beat (i.e.,
slow pathway modulation) both at basal condition (programmed
stimulation protocol) and with isoproterenol infusion during
programmed stimulation protocol, with a waiting period after
ablation of at least 30 minutes.

Study endpoint and Clinical management

The primary study endpoint was ablation success (including
acute success until 7 days post-procedure and midterm success at
least 6 months after procedure or at the last available cardiologic visit
or clinic record), and catheter stability evaluation in 3 axes during
radiofrequency ablation.

Secondary study endpoints were safety profile (accounting major
and minor complications), procedure duration, total fluoroscopy
time and fluoroscopy dosage for the patients.

Patients attended cardiological visit at our ambulatory 2-3
months after procedure, 1 year after procedure and then every year.
A procedure was considered to be acutely successful if a previously
inducible arrhythmia was rendered non-inducible at the end of the
case or if there was elimination of dual AV nodal physiology in a
patient with a documented history of SVT that proved non-inducible
at the end of the procedure. Mid-term success was defined as no
documented recurrence of SVT based on the last available primary
care or cardiology clinic record.

Major complications were defined as death, stroke, vascular access
complications requiring surgical intervention or blood transfusion,
heart block requiring a permanent pacemaker, or pericardial effusion
requiring an intervention within thirty days of the procedure. Minor
complications were defined as transient AV block (without need of
permanent pacemaker) or hematoma requiring watchful observation
with at least 1 adjunctive day of hospitalization.

STATISTICAL ANALYSIS

Categorical variables were summarized by number and
percentage. Continuous variables were summarized as a mean and
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standard deviation. This study was approved by the local ethics
committee affiliated with hospital Institution.

RESULTS

All patients were prospectively recruited at our Centre from
March 2017 to October 2018. Two operators performed the ablation
procedures: one is well experienced and the other one is in training.

The study included 50 consecutive patients with AVNRT,
targeted for ablation; 49 patients (98%) showed a typical slow-fast
AVNRT, 1 slow-slow AVNRT. No patients were excluded from our
study. The study included 2 pregnant women and both procedures
were performed without fluoroscopy, preserving their safety and
their babies’ one.

The average age was 52,5 + 16,6 years, 12 patients (24%) were male,
4 (8%) showed a structural heart disease (1 ischemic cardiomyopathy,
2 idiopathic dilated cardiomyopathy, 1 with previous myocarditis)
of whom 3 showed a reduced ejection fraction < 50%. Before
ablation procedure, 8 patients (16%) took antiarrhythmic drugs (6
Beta blockers, 1 amiodarone, 1 calcium channel blockers). After
ablation procedure no patients took antiarrhymic drugs for the index
arrhythmia.

The average procedure time was 134 = 40 min, the average RF
delivery time was 10,7 £ 7 minutes.

Of 50 patients treated, 44 (88%) underwent a complete zero-
fluoroscopic ablation procedure, and 6 patients (12%) were treated
with a low fluoroscopic dose of 1390 + 852 ¢cGy/cm2 with an average
fluoroscopy time of 5,3 + 2,9 minutes (that is 317 + 174 seconds) —
with mean data just considering 6 procedures.

Considering all 50 procedures, the average fluoroscopy time
of 0,63 + 1,97 minutes (that is 38 + 118 seconds) and an average
fluoroscopy dosage of 166 + 531 cGy/cm2.

Both acute (peri-procedural) and mid-term AVNRT ablation
success was satisfactory: all 50 procedures (100%) were acutely
successful and 48 patients (96%) showed no recurrences after an
average follow-up of 12,0 + 6,4 months. 2 patients (4%) after few
weeks unfortunately experienced the index arrhythmia recurrence
and required a new procedure. Considering the close proximity
between fast and slow pathway, in both cases a successful cryo-
ablation was performed due to the proximity of slow pathway to His
bundle.

Opverall, no major complications occurred (0%), and just 1 patient
(2%) had a minor complication showing a transient AV high degree
block during ablation with a rapid recovery of sinus rhythm after
few minutes (pacemaker was not required). Clinical variables and
procedural characteristics are summarized in table 1.

Figure 1A and 1B show 3D EAM during ablation and real time
position of the catheter tip during RF delivery respectively. The mean
distance between successful RF application and fast pathway was 14,9
+ 5.3mm standard deviation of the ablation catheter position during
RF, as a measure of catheter stability, was 0.75 + 0.50, 1.17 £ 0.78, 1.06
+ 0.54 mm respectively on x, y, z axes, confirming stability of catheter
and adequate distance from fast pathway (Figure 2).

It has also been noted that, even in conditions of similar
conduction times through slow and fast pathway (A < 30 ms), the SD
of the position has maintained, on average, very low values (in 91,3%
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RF application, < 2 mm), thus ensuring stability also in conditions
of potentially higher risk of AV block. Slow pathway ablation was
achieved in 40 patients (80%), whereas in the remaining patient’s
slow pathway modulation was performed.

The procedure was guided by EAM, allowing the measurement
of fast and slow pathway location. Catheters were placed by the aid of
the mapping system using one bipole on the coronary sinus catheter
as a reference. The geometry was created by the sensor-enabled
ablation catheter. The AH intervals were measured during pacing
from different sites of Koch triangle, in order to mark slow and fast
pathway locations and identify the effective RF site. To avoid damage,
the his region was tagged with yellow dots. The orange tag represents
the fast pathway, while green tag represents slow pathway region and
violet tag is the ablation site target (Figure 1A).

Catheter stability during RF delivery was quantified by the
Standard Deviation (SD) of the catheter tip coordinates. The
presence of irritative junctional rhythm during RF delivery and
the corresponding catheter tip location were also recorded and
considered for stability analysis (Figure 1B).

Table 1: Clinical variables and procedural characteristics.

Clinical Variables

Number of patients 50
Average Age (years) 52,5+ 16,6
Male 12 (24%)
Structural heart disease 4 (8%)
Antiarrhythmic drug use 8 (16%)
Typical slow-fast 49 (98%)
Procedural Characteristics
Mean fluoroscopy time (min) 0,63 £1,97
Procedures completely without fluoroscopy 44 (88%)
Procedural time (min) 134 + 40
Acute procedural success 50 (100%)
Success at last Follow up 48 (96%)
Mean follow up (months) 12,0+6,4
AV node permanent injury 0

Ablation
site

slow
pathway

Figure 1A Figure 1 B

Figure 1A: Representative three dimensional electroanatomical map during
ablation for AVNRT in Left Anterior Oblique (LAO) projection of the right
atrium.

Figure 1B: LAO projection. Real-time position of the catheter tip was recorded
and tracked by the mapping system.
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Figure 2: The figure shows the measure of catheter stability, with a mean
tridimentional standard deviation of 0.75 + 0.50, 1.17 + 0.78, 1.06 + 0.54
mm on X, y, z axes respectively (x on red, y in green, z in violet). These data
confirm adequate stability of the tip during all RF which triggered junctional
rhythm/junctional tachycardia (in total 199 RF lesions were achieved in 50
patients).

The blue line indicates the mean distance from tip to fast pathway during
each RF target lesion. The mean distance between successful RF application
and fast pathway was 14,9 + 5.3 mm.

DISCUSSION

Our study showed 5 notable findings: 1-AVNRT ablation
without fluoroscopic or a MFA provided similar results compared
to traditional fluoroscopic approach. Our study reported a very low
fluoroscopic exposure, with high rate of acute (100%) and mid-term
success (96%) and no major complications.

According to international guidelines [2] patients with frequent
symptomatic episodes of AVNRT should strongly be offered the
option of catheter ablation, which is the gold standard treatment with
high rate of success (higher than 95-100%) with a recurrence of 4-5%
and very low rates of major complications [3,18-20].

In fact, other options such chronic antiarrhythmic therapies, are
ineffective and poorly tolerated, showing a failure rate in more than
70% of patients in a long 5 years follow up [21].

Our study reported a very low fluoroscopic exposure, with high
rate of acute (100%) and mid-term success (96%) and no major
complications (0%). Ultimately, our findings are comparable to
previous [3-5] and recent [9,11,20] studies reporting long-term
success rates of approximately 94-97% for ablation of typical AVNRT,
and very low major complication rates (0-1,2%) [11,20,22,23].

3D EAM with or without MFA showed non inferiority compared
to traditional procedure; many studies reported similar complication
rates for MFA (or EAM-alone) and traditional ablation strategies
[6,8,11,20,24].

In our study slow pathway ablation was achieved in the large
majority of patients. Currently, non-inducibility of AVNRT with and
without isoproterenol infusion in patients without residual evidence
of dual Atrioventricular Node (AVN) pathways such as AVN echoes
is considered as an acceptable endpoint for RF ablation. In Nikoo et
al study [25] the recurrence rate of AVNRT in patients with a non-
inducible AVNRT accompanied by postablation inducible single
AV echo beats over a wide echo zone is not higher than those with
resultant slow pathway elimination (no AVN echoes) or modification
with single AV echo beats over a narrow echo zone. This finding
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conforms with the results from other studies [20] and a meta-analysis
[26] indicating that further ablation in patients who have evidence of
dual AV node physiology but are non-inducible for AVNRT is not
routinely required.

2-A completely fluorless AVNRT ablation was achieved in the
great majority of patients (88%) with a great decrease in patients’ and
physicians’ exposure. It has been estimated that an interventional
cardiologists presents a median radiation exposure per year equivalent
to 250 chest X-rays (5 mSv) [12], and this has recently been related to
an increased risk of cognitive impairment and brain malignancy [14-
16]. Ionizing radiation is known to be teratogenic and carcinogenic;
the reduction in its use has been a focus for many years. The advent of
non-fluoroscopic technologies guarantees X-rays exposure reduction
for both patient and operator during catheter ablation procedure. The
use of a MFA with the EnSite™NavX™ navigation system is associated
with a significant reduction in total fluoroscopy time without any
significant difference in terms of success and complication rates [27-
29]. In this regard, a recent Italian multicentre trial (NO PARTY)
[17] randomized 262 patients with SVTs to conventional approach or
the EnSiteTMNavX ™ navigation system with minimal fluoroscopy.
Zero-fluoroscopy was achieved in 72% of patients in the minimal
fluoroscopy group, with significant overall reduction of the radiation
dose. According to ALARA principle (As Low as Reasonably
Achievable), we reached a zero-fluoroscopy procedure in 88%
(Figure 3). Just few cases (6/50 patients, 12%) required low dose of
fluoroscopy, mainly due to 3 reasons: electro-anatomic abnormality
of Koch triangle (3 cases), a very difficult femoral vascular access
(2 patients), procedure performed with a subclavian access only (1
patient). In cases with variations in anatomy (a.e. kinking of the
vessels, wide coronary sinus ostia) it can be impossible to get the
catheters in place or the ablation side cannot easily be found with
electro anatomy information alone. Here fluoroscopy together with
the electro anatomic information still plays an unreplaceable role.
Nevertheless reducing fluoroscopy time is important and necessary
due to increasing procedure numbers. The results in our study
are consistent with those exposed in the Magma study [11], which
compared manual traditional catheter ablation to remote magnetic
navigation. Our research showed very low fluoroscopy time (mean
time of 38 sec that is 0,63 minutes) and very low fluoroscopic dosage
(166 cGy/cm2), even lower than those reported in the Magma study
(respectively 6 min and 425 cGy/cm2). Otherwise our study revealed
longer procedure times (134 minutes) compared to MAGMA study
(88 minutes) [11] but shorter procedures times compared to the
study of Chrispin, et al (154-181 min) [20].

FLUDRO TIME sec
L
L

Figure 3: Fluoroscopic time (blue dots) for every procedure performed, with a
progressive trend in decreasing fluoroscopic exposure (blue line). According
to ALARA principle we reached a zero-fluoroscopy procedure in 88%. Just 6
patients (12%) required low dose of fluoroscopy.
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3-To our knowledge, this is the first study reporting a three
dimensional analysis about stability of the catheter tip during RF
delivery. Our results showed a great stability of ablation catheter: the
stable tip position with an average motion of about 1 mm in all 3 axes
ensured high precision and an adequate distance between ablation
target zone and fast pathway (14,9mm). Furthermore, 3D EAM
allowed a continuous point-by-point testing of tip stability during RF,
ensuring a continuous check of the catheter position and tip stability
also in conditions of higher risk of AV block.

We can postulate that the advantage of MFA, is the ability to
specifically mark the exact anatomical location of the His bundle
to avoid radiofrequency delivery in His bundle proximity, thereby
potentially reducing the frightening risk of iatrogenic AV block.

Chrispins, et al [20] showed that the use of modern technologies
such irrigated radiofrequency ablation catheters and 3D EAM were
not associated with long-term success rates or complications. In
absence of a direct comparison about this specific issue, we believe
that this one could be an opportunity for further investigations. In
manual ablation, it is often harder to achieve stability in this region
due to significant wall motion. 3D EAM allows to check second-to-
second and pont-by-point stability of the tip. Experienced clinicians
utilize various methods to achieve stability at the AV junction
during manual ablation including fine tactile feedback, use of long
sheaths and continuous fluoroscopy. However, for the reasons just
mentioned, EAM without the need for continuous fluoroscopy, could
be safer.

4-Even in relatively difficult or small anatomies (short distance
between fast and slow pathway) and without fluoroscopic guidance,
the use of IAC ensures adequate stability and optimal conditions for
mapping and ablation of the slow pathway. The magnetic navigation
system can really facilitate during mapping and ablation with up
to one-millimetre precision. The length of Koch’s triangle has been
shown to be approximately 18 mm (distance from the CS Os to His)
[30].

The compact AV node which is of 5-7 mm length is located in
the upper segment of the Koch’s triangle and the His bundle at its
apex [31].

In 25% of patients the His bundle could be located within 5 mm of
CS upper lip [30]. Significant variability exists in the relative location
of the His bundle with respect to the slow pathway [32], hence precise
three-dimensional mapping of the His bundle in relation to potential
ablations target is of great importance. In some studies, the location
of the successful site of ablation was very variable, ranging from 25
mm from the lowest His position [32] to less than 10 mm [33].

There is not a standard in RF ablation of AVNRT; with a 4mm tip
ablation catheter the modulation of the slow pathway of the AV node
with 30 and 50 W both have very high short- and long-term success
rates with low risks of adverse events.

Modern tools including 3D EAM and irrigated catheters —
whose use is increasing [20]- are not associated with a decrease in
complication rate or improvement in long-term success [6,8].

RF ablation was performed with a 4mm IAC, with a 1-4-1 mm
spacing and 1 mm band electrodes which enhance EGM signals
and reduce far-field sensing. In animal models this catheter reduced
overall procedural risk with lower incidence of steam pops compared
to ThermoCool SF, and lower incidence of charring and coagulum
formation in a beating heart [34].
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The study [33] showed that FlexAbility catheter is safe and effective
with average atrial lesions with a superficial diameter of 7,5 + 2,4 mm
and 4,2 £ 2,9 in depth at 35 W, without significant difference in lesion
sizes compared to both standard ThermoCool and ThermoCool SF.

5-This experience on a cohort of adults confirms feasibility
and cost-effectiveness of AVNRT ablation with MFA. A cost-
effectiveness analysis was also performed in No-PARTY study [17],
with a recommendation on acceptable extra-costs in the same series.
Moreover, compared to conventional approach, in NO Party trial in
MFA the decrease in patients’ exposure shows a 96% reduction in the
estimated risks of cancer incidence and mortality, with an important
reduction in estimated years of life lost and years of life affected. Ata
rough economical analysis, the increase in life expectancy and in the
period of cancer-free life makes the MFA economically affordable in
most European countries (NO PARTY) [17].

Regarding economic considerations about the minimally
fluoroscopic approach, there are no studies providing a cost-
effectiveness analysis. Data deriving from NO PARTY study show
that the extra cost related to the EAM can be considered economically
affordable.

LIMITATIONS

Our study has some limitations. This is a single-center study
(with 2 operators), it is not randomized because all patients were
prospectively recruited to MFA, and with a limited number of patients.
Moreover, it was therefore not intended to establish comparative
safety and efficacy for widespread applicability. A randomized control
trial would be needed to determine safety and efficacy in comparison
to traditional fluoroscopic approach.

CONCLUSION

This experience demonstrates the feasibility, safety and
acute efficacy of ablation treatment driven by a EAM in patients
with AVNRT. Even in relatively difficult anatomies and without
fluoroscopy, the use of this catheter ensured adequate stability for
mapping and ablation of the slow pathway. MFA showed optimal
acute and midterm success without complications, with similar results
compared to traditional approach but with a mean very low negligible
dose exposition, enabling the physicians to check continuously the
stability of the tip and allowing the great majority of procedures to be
performed without fluoroscopy.

For the first time the analysis of the exact tip position in 3D-axes
was performed using an EAM system, ensuring a greater safety of
ablation procedure, minimizing radiation exposure time and without
compromising success rates or safety.
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