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Introduction and objectives. The Stereotaxis® remote 

magnetic navigation system provides a new approach 

to ablation that could increase catheter stability. The 

aim was to determine whether improved tissue contact 

necessitates a change in traditional radiofrequency 

ablation parameters.

Methods. The study compared ablation of 

atrioventricular nodal reentrant tachycardia (AVNRT) 

using remote navigation (4-mm catheter) in 19 patients 

with conventional ablation in 18 patients (4-mm catheter, 

temperature 60-65oC, power 50 W). The radiofrequency 

energy needed to ensure that no more than a single nodal 

echo beat could be induced was measured. 

Results. Charring was observed with traditional 

parameters on the first applications of the remotely 

navigated catheter. Hence, the energy was subsequently 

reduced (to 50oC and 40 W). There was no difference in 

the number of applications between remote navigation 

and conventional groups (median: 6 vs 8.5; interquartile 

range [IQR]: 11 vs 9). Applications lasting ≤5 s were 

usually due to catheter dislodgment. Only 4 patients in the 

remote group had applications ≤5 s compared with 11 in 

the conventional group (P=.041). Ablation using remote 

navigation was equally effective and required lower 

temperatures and powers (mean [SD] temperature: 46 oC 

(2oC) vs 50oC (4oC), P<.001; median [IQR] power: 29 [14] 

W vs 50 [7] W, P<.001), with no difference in total energy 

delivered. With remote navigation, the range of impedance 

values between applications was less (mean [SD]: 10.4 

[7.6] Ω vs 19.3 [15.4] Ω; P=.035) and the temperature 

variation tended to be less, suggesting greater stability 

between applications. There were no complications. 

Conclusions. In this initial series, remote magnetic 

navigation was safe and effective in AVNRT ablation. 

Improved tissue contact reduced catheter dislodgment 

and necessitated a reduction in radiofrequency energy to 

avoid charring. 
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La ablación de taquicardia intranodal con 
sistema de navegación remota Stereotaxis® 
precisa menores parámetros de temperatura y 
potencia por mejoría del contacto tisular

Introducción y objetivos. La navegación magnética 

remota con sistema Stereotaxis® supone una nueva for-

ma de ablación que podría aumentar la estabilidad del 

catéter. Quisimos evaluar si la posible mejoría del con-

tacto tisular obliga a modificar los parámetros conven-

cionales de radiofrecuencia.

Métodos. Se comparó a 19 pacientes sometidos a 

ablación de taquicardia intranodal con catéter remoto de 

4 mm con 18 pacientes con procedimiento convencional 

(4 mm, 60-65 °C, 50 W). Evaluamos la energía de radio-

frecuencia necesaria para conseguir la no inducibilidad 

de más de un eco nodal.

Resultados. El primer catéter remoto presentó carbo-

nización tras las primeras aplicaciones con parámetros 

habituales. Así, redujimos la energía (50 °C, 40 W) en el 

resto. No hubo diferencias en número de aplicaciones 

entre grupo remoto y control (mediana, 6 [rango inter-

cuartílico, 11] frente a 8,5 [9]). Aplicaciones ≤ 5 s suelen 

deberse a desplazamiento del catéter. Sólo 4 pacientes 

del grupo remoto tuvieron aplicaciones ≤ 5 s frente a  

11 controles (p = 0,041). La ablación remota fue igual de 

efectiva, y se realizó con menores temperaturas y po-

tencias medias (media ± DE, 46 ± 2 frente a 50 ± 4 °C;  

p < 0,001; y 29 [14] frente a 50 [7] W; p < 0,001), pero 

sin diferencias en energía total aplicada. Con el catéter 

remoto se registró menor amplitud de impedancias entre 

aplicaciones (media ± DE, 10,4 ± 7,6 frente a 19,3 ± 15,4 Ω; p = 0,035) y una tendencia a menor amplitud de tem-

peraturas, lo que indica más estabilidad entre aplicacio-

nes. No se produjeron complicaciones.

Conclusiones. En nuestra serie inicial, el uso de na-

vegación remota en la ablación de taquicardia intranodal 

fue efectiva y segura. La mejoría del contacto tisular dis-

minuye desplazamientos involuntarios del catéter y pare-

ce que se necesita disminuir la potencia de radiofrecuen-

cia para evitar la carbonización del catéter.

Palabras clave: Ablación. Taquiarritmias. Radiofrecuencia. 
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who underwent ablation for common AVNRT or its 
variants were included. Patients who had previously 
been treated with ablation for recurrence were not 
included. Of the 37 patients, 19 had been treated 
using the STX system since September 2007, and 
were the first consecutive patients in Spain treated 
with this technique. The control group consisted of 
the remaining 18 patients who were treated using a 
conventional approach. Of these, 13 were the last 
consecutive patients to undergo ablation using the 
conventional technique in the months preceding 
setting up the STX control room. The remaining 
5 consecutive patients were treated for AVNRT in 
subsequent months, but without the STX system, 
since the STX control room was not available on 
the day the patients were scheduled for study and 
ablation. This was due to reasons unrelated to the 
patient (control room inspection or its use as a 
cardiac catheterization laboratory). 

Electrophysiological Study

After giving informed consent for AVNRT 
ablation, the patients underwent EPS in a fasting 
state and without antiarrhythmias for at least 5 half-
lives, as performed conventionally.6 Three diagnostic 
4-pole catheters (5-6 Fr) were introduced via the 
right femoral venous route to be positioned in the 
right atrium, the bundle of His region, and the right 
ventricle for the diagnostic EPS. In cases in which 
baseline EPS could not induce AVNRT, isoproterenol 
was used in progressive doses for induction and to 
verify the endpoint (Table 1). 

After electrophysiological diagnosis of AVNRT, 
in patients receiving conventional treatment, the 
ventricular catheter was exchanged for a 4-mm 
ablation catheter (Marinr MCXL, Medtronic or 
Celsius F, Biosense-Webster) in order to proceed 
with the ablation. In patients treated with the STX 
system, the ventricular catheter and its introducer 
sheath were removed and replaced by an SR0 sheath 
(St Jude Medical, St Paul, Minn., USA ), and this 
was introduced up to 1-2 cm below the junction of 
the right atrium and inferior vena cava. This was 
used to guide a 4-mm STX ablation catheter (Celsius 
RMT or NaviStar RMT, Biosense-Webster) to the 
region of the His bundle. The use of the sheath 
with the STX system was recommended by the STX 
technical staff, who pointed out that given the high 
flexibility of the catheter it would not reach the right 
atrium without support. 

Remote Navigation System

The STX Remote Magnetic Navigation system 
(Niobe, Stereotaxis) consists of 2 permanent 
computer-controlled magnets, positioned on either 

INTRODUCTION

Remote magnetic navigation using the Stereotaxis® 
system (STX) is a new approach to the ablation 
of arrhythmias. It avoids exposing the operator 
to radiation energy when handling the ablation 
catheter, since this can be done at some distance from 
the patient. By means of a system of large magnets 
situated on both sides of the patient, the STX system 
can be used to remotely guide the ablation catheter 
tip, manually or automatically. It has been suggested 
that the STX system may provide increased catheter 
stability.1,2

The STX system has already been used for 
mapping and ablation in most arrhythmia contexts, 
with success rates similar to conventional ablation 
techniques.1-5

Given that the magnetic field helps to maintain 
the catheter on the target area with theoretically 
increased stability, the aim of the study was to 
assess whether improved tissue contact necessitates 
a change in conventional radiofrequency (RF) 
ablation parameters. To simplify the situation 
regarding the anatomical substrates, we only focus 
on the ablation of atrioventricular nodal reentry 
tachycardia (AVNRT) in the slow pathway in the 
inferior paraseptal region of the right atrium. Thus, 
we report our initial experience in the AVNRT 
ablation in the first 19 consecutive patients treated 
with the STX system using 4-mm catheters and 
compare them to a recent registry of 18 patients 
who underwent ablation using conventional 4-mm 
catheters. The study compared the RF energy 
parameters needed to ensure that AVNRT could not 
be induced (maximum, 1 nodal echo beat) in both 
groups after ablation. 

METHODS

Study Population

All patients were referred for electrophysiological 
study (EPS) and ablation for symptomatic paroxysmal 
supraventricular tachycardia. A total of 37 patients 

ABBREVIATIONS

AVNRT: atrioventricular nodal reentry 
tachycardia 

EPS: electrophysiological 
IQR: interquartile range 
SD: standard deviation 
STX: Stereotaxis
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such as the location of the His bundle or the coronary 
sinus, and that will appear from that moment onward 
on the fluoroscopy monitor in real-time to help locate 
the anatomical position of the ablation catheter at 
all times (Figure 2). This approach was used in the 
remaining 16 patients. 

Ablation

The conventional criteria for slow pathway 
ablation-modification were followed by anatomical 
and electrophysiological criteria. The aim of ablation 
was modification of the slow pathway until it was 
ensured that no type of AVNRT could be induced 
(maximum, 1 nodal echo beat) in baseline conditions 
or after the administration of isoproterenol if  this 
was required for induction. 

In the STX group, ablation was performed using 
a Stockert RF generator (Biosense-Webster) in 

side of the patient’s torso, that allow a magnetic-
tip catheter to be remotely steered into the cardiac 
cavities. The 2 magnets create a magnetic field of 
approximately 15 cm (0.08 T) that can be modified 
by the operator to steer the catheter tip in the desired 
direction. The system has a small motor drive unit 
(Cardiodrive unit, Stereotaxis®) coupled to the 
catheter allowing it to be advanced or withdrawn, 
which allows remote navigation while reducing the 
fluoroscopic exposure time for the operator.2 

To aid intracardiac navigation, the STX system is 
integrated with the Carto® electromagnetic mapping 
unit and automatically creates 3D maps of the target 
cavity via the automated movement of the explorer 
catheter itself (Figure 1). This system was used in 3 
patients. Furthermore, without requiring the use of 
the Carto system, the incorporation of the fluoroscopy 
unit with the STX system enables defining target areas 
with the STX workstation (Navigant®, Stereotaxis), 

TABLE 1. Characteristics of the Intranodal Tachycardias (Common or Uncommon) and Nodal Rhythms Induced 

During Ablation

 STX (n=18) Control (n=18) P

Common AVNRT only 16 (89) 17 (94) 1

Induced with isoproterenol 7 (39) 7 (39) 1

Nodal rhythm 18 (100) 17 (94) 1 

CLmin, ms 444 (212) 412 (130) .63

CLmax, ms 792 (330) 794 (331) .82

Number of nodal beats 26.6 (25) 28.1 (16) .85

RDF-NR time, s 15.9 (15.3) 8.1 (4.5) .08

NR duration, s 13.5 (14.4) 16.1 (11) .58

CLmax indicates average value of the greatest cycle lengths of induced nodal rhythms; CLmin, average value of the shortest cycle lengths of induced nodal rhythms; NR duration, 
average of the total time in nodal rhythm induced by RF; RDF-NR time, time from the beginning of RF application to the onset of a nodal rhythm; STX, Stereotaxis® system. 
The number of nodal beats only includes those of nodal rhythms having at least 3 consecutive nodal beats. 
Values are expressed as n (%) or mean (SD), except for CLmax that is expressed as the average (interquartile range). 

Figure 1. The remote control system 
console. The 2 lower panels (A and B) 
show the right atrium automatically 
reconstructed by the magnetic navigation 
system. The reconstructed cavity is 
shown as a 3D image (Carto® system) 
incorporated in the fluoroscopic image 
in the RAO view (A) and LAO view (B). 
The green arrows indicate the current 
direction of the explorer catheter.
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that linked to breathing in the local electrograms 
recorded at the distal dipole of the ablation catheter. 
Thus, the ablation catheter endocavitary signal was 
analyzed for variations in voltages of the atrial (A) 
and ventricular (V) electrograms during the 10 s 
prior to the first two applications of RF energy 
in each patient (Figure 3). DA was defined as the 
difference between the maximum and minimum 
voltage recorded in the atrial electrograms during the 
10-s period referred to. DV was defined in the same 
way for the ventricular electrograms. Theoretically 
poor positions, due to poor catheter-tissue contact, 
should lead to higher values of both D.

On the other hand, with the aim of  documenting 
whether the applications were performed using 
similar electrical and anatomical criteria in the 
STX and control groups, we decided to analyze 
the atrial and ventricular electrograms of  the 
5 beats immediately before each of  the first  
2 applications of  RF energy in each patient (this 
was always done in the lower paraseptal region for 
increased safety). A priori, significant differences 
in the A/V ratio (average voltage quotient of  the  
5 atrial and ventricular electrograms) would 
indicate that it had not been applied to the same 
region or at least using the same criteria, either 
because of  predominance of  a ventricular signal 
in one of  the series, due to more ventricular 
applications, or because of  atrial predominance in 
the atrial positions. 

temperature controlled mode (maximum temperature, 
50oC; maximum power, 40 W) in 18 of the 19 patients. 
In the control group, the Stockert generator was used 
in 15 patients and the Atakr II generator (Medtronic) 
in 3 patients, both in temperature control mode. The 
RF current parameters were adjusted to a maximum 
temperature of 60-65oC and a maximum power of 
50 W in all cases, as is conventional in our hospital. 

The following were recorded during each 
application of RF energy: application time, mean 
temperature reached, total energy delivered (once 
stabilized after the first few seconds), and the mean 
impedance values obtained during the application. 
Based on these registries, we calculated the total 
number of applications per patient, the number of 
applications ≤5 s and the maximum, minimum and 
average values of temperature, power and impedance 
attained. The range of temperatures and impedances 
obtained were calculated as the difference between 
the maximum and minimum value for temperature or 
impedance recorded during the different applications 
in the same case. We measured the total RF energy 
delivered (J) as the sum of mean power delivered for 
the duration (s) of application for each application. 
The ablation catheter tip was examined to rule out 
charring if  unusually low powers were recorded and 
at the end of the procedure. 

To compare the stability of the STX catheter 
intracavitary electrical recordings with conventional 
recordings, we analyzed beat-to-beat variability and 

Figure 2. The remote navigation system 
console without the associated Carto® 
system. The 2 upper panels (A and B) 
show the virtual icon used to adjust the 
navigation vectors in 3D and that can 
also be done from the three side panels. 
The lower panels (C, RAO; D, LAO) show 
the fluoroscopic images where, after local 
manual mapping, the 3 key points of the 
triangle of Koch have been marked: the 
His bundle, the ostium of the coronary 
sinus (SCo) and paraseptal attachment 
of the tricuspid valve (AT). The effective 
point of RF application is also marked in 
red. 
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AVNRT, use of isoproterenol, onset of nodal rhythm 
and the analysis of recurrence) were compared using 
the Fisher exact test. The differences were considered 
statistically significant if  the null hypothesis could be 
rejected at a confidence level greater than 95%. All 
calculations were performed using the SPSS version 
15.0 application (SPSS, Chicago, Illinois, USA). 

RESULTS

Characteristics of the Patients and Ablation

There were no significant differences between 
the two groups regarding the age and sex of the 
36 patients. The 19 patients treated using the STX 
system had a mean age of 55 (21) years; 12 of them 
were women. The type of induced tachycardia and 
the use of isoproterenol are shown in Table 1.

Conventional parameters were employed for 
AVNRT ablation (65oC; 50 W) in the first patient 
treated with the STX system. After the first 
applications clear charring was observed in almost 
the entire tip. The impedance recorded during its 
application decreased from an initial 160-165 Ω 
to 120-130 Ω; subsequently, there was an isolated 
peak of 285 Ω. Similarly, a decrease of delivered 
power from 50 W to 10 W was observed for a target 
temperature (65oC). 

Thus, we reduced the energy in all other cases 
of STX to a maximum temperature of 50oC 
and a maximum power of 40 W, following the 
recommendations of the STX technicians. For the 
analysis of results, we only included these 18 patients 
who received homogeneous treatment. In all cases of 
ablation using the STX system, patient tolerance was 
excellent and there were no cases of adverse events 
or complications. 

In the control group, the mean age of the  
18 patients was 52 (14) years; this group included  
12 women. The Marinr® catheter was used in 15 

We decided to only compare the first 2 
applications because, under normal circumstances, 
the subsequent ones can involve more atrial 
applications or higher ones (positions involving 
greater risk) if  AVNRT is still inducible or more 
than 1 nodal echo beat persists. This would render 
meaningless the comparison of  averages of  all the 
applications of  all the patients due to potentially 
very different A/V ratios in each patient and 
between patients. Similarly, we quantified the onset 
of  junctional rhythms during applications in both 
groups, as their presence indicates that it is actually 
being applied on the nodal tissue. We recorded 
the number of  patients who presented some type 
of  nodal rhythm (NR), its minimum cycle-length 
(the most rapid NR) and maximum cycle-length 
(slowest), the sum of  all nodal beats of  induced NR, 
the sum of  the total duration of  all the induced NR, 
as well as the average time between the beginning 
of  RF energy application and the onset of  the next 
NR in all applications that were followed by the 
NR in each patient. 

The following were quantified: total procedure 
time, fluoroscopy times, the radiation energy dosage 
measured by the dose-area product (DAP) quantified 
by the x-ray apparatus itself  in Gy/cm2 and the 
number of cine runs per patient. 

Statistical Analysis

Continuous variables with a normal distribution 
were expressed as mean (SD) and those with a 
non-normal distribution were expressed as average 
(semiquartile range). Continuous variables were 
analysed for normality using the Kolmogorov-
Smirnov test with the Lilliefors correction. 
Continuous variables were compared using the 
Student t test for unmatched samples or the Mann-
Whitney U test if  appropriate. Discrete variables (sex 
of the patients, proportion of 5-s applications, type of 

Figure 3. Example of analysis of the 
endocavitary signal of the ablation 
catheter showing variations in voltage 
of the atrial (A) and ventricular (V) 
electrograms during the 10 s prior 
to the first RF application of a patient 
treated using the STX system. Delta A 
is defined as the difference between 
the highest and lowest voltage 
recorded in the atrial electrograms 
during these 10 s. Delta V is 
similarly defined for the ventricular 
electrograms. The normal variations 
in voltage especially characteristic of 
cardiac movement during breathing 
can be observed. 

Delta A = Voltage Amax - Voltage Amin

Ablation Catheter

Vmax

Delta V = Voltage Vmax - Voltage Vmin

Ablation Start

VmaxVmax
Vmin

Vmin
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groups. However, no significant differences were 
found in total energy delivered between the STX 
group (3228 [6052] J) and the control group (5447 
[4893] J; nonsignificant differences) (Figure 4C). 

Three different operators performed the  
procedures, one of whom performed the greatest 
number of procedures: 16 control patients and 11 STX 
patients. If  the results obtained by this operator are 
analysed in isolation, the results are similar to those 
described in the total series regarding temperature 
(P=.001), mean power (P<.001), and energy (P=.4). 
No significant differences were found in the ablation 
parameters recorded between the first 9 patients in 
the STX group and the last 9 in the same group. 

Stability

Good local stability was obtained during ablation 
in the STX group, despite the minimum robustness 
of the ablation catheter. Analysis of the electrograms 
recorded at the distal dipole of the remote catheter 
did not indicate significant differences when 
compared to the conventional catheters used in the 
control group (Table 3). Similar atrial and ventricular 
voltages and A/V ratios were found in both groups, 
with no significant differences in variations of 
voltage due to breathing or the cardiac cycle, as 
shown by analyzing the electrograms of the 10 s 
prior to the first two applications. The maximum 
values of DA correspond to 2 isolated cases, one in 
each group, where the voltage of the first beats of 
the 10-s band was much greater than that of the 5 
last beats, just before application. In a conventional 
protocol of applications to the slow pathway, such 
as the one we followed and which avoids high-risk 

patients in this group and the Celsius® in 3. No 
charring or noteworthy adverse events were recorded 
at the programmed temperatures and powers (60-
65oC; 50 W).

In the 36 patients, no type of AVNRT could be 
induced after ablation nor was there more than one 
nodal echo beat. 

Table 1 shows the comparison between the two 
groups of induced nodal rhythms after applying 
RF energy to the perinodal region. There were no 
significant differences in the total number of patients 
who presented them nor in the characteristics of the 
nodal rhythms regarding cycle length, number of 
beats or their duration. There was a trend toward a 
shorter period between the beginning of applications 
and the onset of nodal rhythm in the control group. 

Applied Radiofrequency Energy 

There were no significant differences between 
the STX group (6 [11]) and the control group (9 
[9]; nonsignificant differences) (Table 2) in the total 
number of applications needed to achieve successful 
ablation. Neither were any differences recorded in 
the total duration of RF energy application between 
the two groups (STX, 114 [171] s; control, 114 [65] s; 
nonsignificant differences). 

However, the temperature reached and the mean 
power delivered were significantly lower in the 
STX group (Figure 4A and 4B). Thus, the mean 
temperature reached was 46 (2) oC in the STX group 
versus 50 (4) oC in the control group (P<.001) and 
the average actual power delivered was 29 [14] W in 
the STX group and 50 [7] W in the control group 
(P<.001); no charring occurred in either of the 2 

TABLE 2. Parameters Recorded During Ablation

 Total Applications, n Temperature, oC Mean Power, W Total RF Time, s Energy, J Mean Impedance, Ω
STX group (n=18)

Maximum 45 50 41 450 15 869 190

Minimum 1 42 16 27 625 130

Average 6 45 29,3 114 3228 148

Interquartile range 11 4 14 171 6052 10

Mean 11.5 45.8 29.6 178 5644 150

Standard deviation 12.5 2.2 8 131 4393 13

Control group (n=84) 

Maximum 29 59 50 618 28 687 176

Minimum 1 44 26 9 650 119

Average 8.5 50.6 49.6 114 5447 146

Interquartile range 9 4 7 65 4893 25

Mean 10.1 50.2 46.4 165 7620 144

Standard deviation 7.3 3.5 6.2 163 7984 16

P .53 <.001 <.001 .74 .63 .21

RF indicates radiofrequency; STX, stereotaxis systems. 
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were there applications ≤5 s vs 11 patients in the 
control group (P=.041). 

The impedances recorded during the RF energy 
applications were also recorded. No significant 

applications, many applications ≤5 s tend to occur 
because of catheter displacement just after starting 
to apply RF energy. We analyzed the distribution in 
both groups. Only in 4 patients in the STX group 
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Figure 4. Radiofrequency energy parameters achieved during ablation in the stereotaxis (STX) and control groups after initial adjustment of the ablation 
parameters to maximum temperatures and powers of 50oC/40 W and 60-65oC/50 W, respectively. A: comparison of the temperature reached, averaging all 
RF applications in each case in the STX group and the control group. B: average values of power delivered between the 2 groups. C: final RF energy delivered 
in the two groups. The horizontal bars in the 3 panels indicate the average values. 

TABLE 3. Voltages of the Atrial (A) and Ventricular (V) Intracavitary Electrograms Before Ablation

 EGM A Voltage, mV EGM V Voltage, mV A/V Ratio DA, mV DV, mV

STX group (n=18)

Maximum 0.52 3.71 0.69 3.27 3.43

Minimum 0.04 0.15 0.02 0.02 0.11

Average 0.11 1.16 0.11 0.14 0.68

Interquartile range 0.21 1.74 0.2 0.18 0.73

Mean 0.16 1.43 0.18 0.36 0.95

Standard deviation 0.13 1.13 0.17 0.81 0.94

Control group (n=84) 

Maximum 0.54 3.08 0.43 1.46 3.04

Minimum 0.04 0.34 0.02 0.02 0.11

Average 0.11 1.42 0.07 0.16 0.7

Interquartile range 0.08 1.27 0.2 0.31 0.63

Mean 0.15 1.38 0.14 0.33 0.94

Standard deviation 0.14 0.78 0.14 0.38 0.84

P .7 .97 .46 .89 .98

DA and DV: values obtained by taking the difference between the highest and lowest voltages of the atrial electrograms (or ventricular electrograms), analyzing all beats 
during the 10 s prior to ablation, and averaging the D values of the first 2 applications. AV ratio, quotient between the average EGM A and EGM V values; STX, Stereotaxis 
system; EGM and EGM V voltage, atrial and ventricular EGM voltages (average values of the 5 beats prior to the first 2 applications of radiofrequency energy in each patient).
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times were on average 17% longer than the control 
group (nonsignificant). There were no significant 
differences in total fluoroscopy time. However, the 
total radiation dosage was clearly greater in the 
STX group, since more cine runs were performed to 
better document the STX group, including remote 
movement of the catheter, for educational purposes 
due to the novelty of the technique. 

Follow-up

No late complications were recorded in any 
of the 37 patients. All the patients were reviewed  
6 months after the procedure by protocol. Only one 
of the patients treated in the control group presented 
AVNRT recurrence. The patient underwent a second 
procedure, which was successful and without 
adverse events. A single recurrence in 37 patients is 
insufficient to show significant differences in efficacy 
between the 2 techniques (Fisher exact test, P=.49). 

DISCUSSION

We report our initial experience and first results 
of ablation using a remote magnetic navigation 
system in Spain. Focusing on AVNRT ablation, 
we demonstrate that in our series this was safe and 
without complications after initial readjustment of 
the ablation parameters. No complications were 

differences were found in the average value of all 
the impedances recorded per case between the STX 
group (mean, 150 [13] Ω) and the control group (144 
[16] Ω; nonsignificant differences). However, there 
was a significantly smaller variation in the range of 
impedances obtained during application (maximum 
impedance recorded minus the minimum impedance 
of all applications in each case) in the STX group 
than in the control group (10.4 [7.6] vs 19.3 [15.4] 
Ω; P=.035, respectively) (Figure 5A). Regarding 
the variations of temperature between different 
applications in each patient, there was a tendency 
toward smaller variations in mean temperature in 
the STX group (STX, 7.9 [3.6] oC vs control, 11.8 
[8.2] oC; P=.07) (Figure 5B). These values indicate 
more homogeneous and stable contact between 
different applications during ablation. If  the data 
obtained by the main operator involved in the study 
are analyzed in isolation, similar results are found 
in the average value of impedance (nonsignificant 
differences), range of impedances (P=.002), and 
range of temperatures (P=.046).

Procedure Times and Radiofrequency Dosage

Table 4 shows the descriptive statistics of the 
procedure time, total fluoroscopy time, radiation 
dosage and number of cine runs. Despite including 
the first cases of the STX group, the STX procedure 
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Figure. 5. Range of impedances (A) and temperatures (B) reached during ablation between applications, showing the highest and lowest values in the 
stereotaxis (STX) and control groups. The horizontal bars in panels A and B indicate the mean values. Smaller variations can be observed in the STX group, 
which indicates a more stable and homogeneous contact between applications. 
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Radiofrequency Energy and Stability 
Parameters

Due to the charring recorded in the first patient, 
we reduced the target temperature and maximum 
power, both by 20%, obtaining the same effectiveness 
as in the control group and without the need for more 
or longer applications. It is noteworthy that similar 
results were obtained despite these reductions. The 
success of ablation using lower mean temperatures 
in the remote group was also described by Davis 
et al1 despite programming identical RF energy 
parameters in both groups and using a single RF 
energy source and a control catheter similar to the 
remote catheter. 

Studies on remote navigation have used different 
parameters. Ernst et al2 applied RF energy using a 
target temperature of 55oC at a maximum power of 
40 W, which was relatively similar to our settings, 
and achieved noninducibility with a similar number 
of applications to ours. However, Kerzner et al8 
programmed up to 50 W, although they do report 
whether charring occurred, and Davies et al1 
programmed a target temperature of 50oC and a 
maximum power of 30 W. Given these differences 
reported in the literature, and after assessing the 
recommendations of the manufacturers of the 
Stereotaxis system, we decide to apply a maximum 
of 40 W. Our results indicated that, when adjusting 
the temperature in the remote group to 50oC, the 
average of mean power finally applied was 29 W, with 
a mean power <37 W in 75% of cases, and delivering 
a power of <37 W only in 10% of patients in the 
control group. The delivered power is relevant, since 
this is what finally determines the size of the lesion9; 
the lower the power, the smaller the lesion size. Given 

recorded in an a priori dangerous physical substrate, 
such as proximity to the AV node, or due to the fact 
that the study was conducted during the STX system 
training period. In the present series, conventional 
RF energy parameters led to just one case of obvious 
charring during the first applications. This involved 
a high degree of superficial harmful necrosis due to 
temperatures >100oC between the endocardium and 
catheter. The reduction of these parameters to more 
conservative levels led to the same immediate and 
long-term success rates as conventional parameters, 
without requiring increases in the number of 
applications or their duration. 

Efficacy and Security

Our results are in line with previous studies on 
conventional AVNRT ablation7 and those using 
remote systems.1,2,8 In a series of 42 patients, Ernst 
et al2 reported that remote ablation is effective and 
safe, since there were no complications in any of 
the ablation procedures. This study highlighted 
the advantages of remote navigation for patient 
and physician safety. Thus, in the first group, it is 
noteworthy that no cardiac perforation occurred 
using this technique, anatomical stability was high 
even during tachycardia and there was the potential 
to return to a site almost automatically. For the 
operator, the main advantage is performing ablation 
in a room away from the patient, without radiation 
energy exposure.2 

Similar results have been reported on the efficacy 
and safety of intranodal ablation in smaller series,1,8 
although in one of these initial series8 1 case of 
transient 2:1 AV block was described. 

TABLE 4. Procedure Time, Fluoroscopy Time, Radiation Dosage (Dose-Area Product) and Number of Cine Runs

 Procedure Time, min Fluoroscopy Time, min DAP, Gy × cm2 Cine run

STX group (n=18)    

 Maximum 450 50 746 20

 Minimum 27 8 3 2

 Average 112 14 68 8

 Interquartile range 156 12 217 10

 Mean 169 18 154 9.6

 Standard deviation 136 11 216 5.7

Control group (n=84)    

 Maximum  516 44 123 4

 Minimum 30 3 7 1

 Average 114 21 32 1.5

 Interquartile range 57 12 41 1

 Mean 141 19 42 1.7

 Standard deviation 115 11 32 0.9

P .36 .62 .024 <.001

DAP indicates dose-area product; STX, stereotaxis system. The 4 variables had a normal distribution.
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2 RF energy sources, as routinely carried out in our 
center. We cannot rule out that some of the differences 
in impedance may have been due to these two factors. 
The use of a sheath (a very long introducer) only in 
the ablations performed using the remote system 
could be seen as the source of stability. The end of 
the sheath remained in the junction between the 
inferior vena cava and right atrium, 4-5 cm below the 
catheter tip. However, if  it were not for the magnetic 
field, the enormous flexibility of the catheter would 
lead to it spontaneously bending (180o) at this point 
(4-5 cm) which would eliminate any relevant stability 
provided by a scabbard. Finally, we believe it unlikely 
that the use of the navigator in 3 of the patients in 
the STX group was an obvious factor regarding 
heterogeneity when comparing of our series of 37 
cases. In this series, the ablation parameters were not 
modified nor were there a significantly greater or 
lower number of applications than in other patients 
in the STX group (all the values within the 25th and 
75th percentiles of the remaining STX group). 

CONCLUSIONS

In our initial series of patients who underwent 
AVNRT ablation by remote magnetic navigation, we 
achieved a level of efficacy similar to that obtained 
using the conventional manual technique while using 
20% less RF energy and with fewer involuntary 
catheter displacements. In the only case in which we 
used greater power (50 W) obvious charring occurred 
which was probably due to more homogenous 
catheter-tissue contact. A larger randomized clinical 
study and an experimental study are needed to 
demonstrate if  potential better remote catheter-
tissue contact is the definite cause of charring using 
the conventional 50 W and if  identical clinical results 
can be achieved with less total energy than with the 
greater typical energies used in the standard manual 
technique. 
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