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Introduction
AF is a major cardiovascular challenge in modern society and its 

medical, social and economic aspects are all set to worsen over the 
coming decades. It is associated with a five-fold risk of stroke and a 
three-fold incidence of congestive heart failure, and higher mortality. 
Hospitalization of patients with AF is also very common.

RF catheter ablation is an established therapeutic alternative in 
symptomatic AF patients, resistant to anti-arrhythmic medications, 
as it has been proved more effective than antiarrhythmic drug ther-
apy in maintaining sinus rhythm.1 The procedure is technically chal-
lenging and the operators must be experienced, especially in manip-
ulating catheters in difficult clinical situations, which may lead to 
long, tiring and potentially risky procedures. It requires catheter ma-
neuverability to access target regions and catheter stability in difficult 
anatomical regions and reproducibility of the catheter location.2 

A major limitation of conventional method is caused by the man-
ual catheters that are limited in their freedom of movement by their 
predefined curve. In certain anatomic situations, this will make ma-
neuvering within the heart extremely difficult, and anatomic regions 
of interest cannot be reached at all. In addition, manipulation of a 
stiff manual catheter can have a high risk of complications. When 
moving the catheter, high contact force (CF) is often applied and can 
be at risk of perforating the atrial wall.3 Operators are not always able 
to make an adequate estimation on the CF, which is applied during 
ablation with manual method, thus causing different forces to be ap-
plied between target areas in the PVs and left atrium (LA). Since 
good CF is related to effective ablation lesions, lower forces will result 
in fewer transmural lesions.4 These inadequate ablation lines will be 
predominant sites of reconduction or occurrence of new macro-reen-
trant arrhythmias.5 Length of the procedure (at times more than 4 
hours) may lead to a loss of concentration. This decreased concentra-
tion that is associated with large amount of fluoroscopy exposure for 
both operator and patient, along with complication rates has always 
been a concern. 

MNS was introduced to limit some of the drawbacks of manual 
catheter navigation during ablation of AF and improve the safety 
and efficacy of the procedures.MNS (Niobe ES, Stereotaxis Inc., 
MO, USA) is a remote catheter control technology that has several 
advantages such as fine controlling of small movements, increased 
precision in reaching the target area, possibility of standardizing the 
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Abstract
Atrial fibrillation (AF) ablation targeting the circumferential isolation of pulmonary veins (PVI) is an established therapeutic alternative in 

symptomatic AF patients resistant to anti-arrhythmic medications. The procedure is technically challenging and multiple difficulties must be 
overcome in order to achieve a successful outcome. The magnetic navigation system (MNS) is a remote catheter control technology which 
has advantages such as a traumatic catheter design improving the procedural safety, a reduced amount of radiation exposure to both the 
patient and physician, unrestricted and reproducible catheter maneuverability that allows the access to difficult anatomical situations, and 
an improved catheter stability leading to better energy delivery. Due to these advantages, MNS is increasingly being used for AF ablation 
and both acute and chronic success rates are comparable with the conventional technique. The new developments in navigation systems, 
catheters and new three-dimensional mapping systems are very promising to obviate these concerns. However, MNS is related to longer 
radiofrequency (RF) application duration and procedure time. 
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catheter position inside the heart cavities and need of lower forces to 
maintain stable tissue contact during ablation to prevent complica-
tions and improve lesion formation. This system has been used for 10 
years and widespread using for AF ablation began in 2008 with the 
availability of irrigated magnetic catheters. Data consistently show 
that MNS using either non-irrigated or irrigated catheters results in 
remarkably low complication rates, along with satisfying short and 
mid-term success rates.6-9

On the other hand, there are some limitations related to the MNS 
as compared with conventional catheter ablation. It needs longer 
time to set up. The operator must commute frequently between the 
remote control room and operation room to change the circular map-
ping catheter position when it is unstable and the sheath position 
to facilitate accessing the target with the magnetic catheter. These 
processes would lead to longer total procedural duration. The limited 
CF may limit the lesion size, which might lead to more-frequent PV 
reconnection after PVI. The necessities of the expensive hardware, 
specially designed ablation catheters and a second long sheath for 
the ablation catheter lead to a higher procedural cost. Observation 
and evaluation of the patient’s state are relatively difficult since the 
operator stays in the remote room. During conventional ablation 
procedure, the operator can estimate the force of the tissue contact 
by the tactile feedback during catheter manipulation. In contrast, no 
tactile feedback of the catheter tip contacting the atrial wall can be 
perceived by the operator using it. Besides, manipulating the mag-
netic ablation catheter may be slower as compared with manually 
controlled catheters resulting in longer procedure times.10  

As expected for a new developing technology, there are major dif-
ferences in magnetic navigation systems, catheters and sheaths, a new 
three-dimensional mapping system and these advancements have 
improved the procedure related outcomes. We conducted a systemat-
ic review of the available published literature on the effectiveness and 
safety of AF ablation using magnetic navigation comparison with 
conventional approach during long-term follow-up.
MNS With Open-Irrigated Catheter

It has been demonstrated that the use of a solid-tip (non-irrigated) 
magnetic catheter for AF ablation resulted in thrombus formation 
leading embolic events due to char formation at the catheter tip. In 
addition, AF ablation has been limited by the inability to achieve 
efficacious ablative lesions with these catheters.6,7 The report by Di 
Biase et al clarified that electric PVI was not completed in most of 
the PVs when using the non-irrigated tip 4-mm CARTO RMT 
catheter and needed additional manual ablation even with high RF 
delivery settings (55°C with a maximum power of 50 W). Further-
more, the charring of the catheter tip was observed in 33% of the 
patients.6 Since 2008, a first generation open-irrigated magnetic 
catheter (ThermoCool RMT; Biosense Webster) has been utilized, 
improving catheter efficacy and safety. Miyazaki et al evaluated the 
feasibility and efficacy of irrigated tip ablation catheter and no tip 
charring and related embolic events reported during Lasso-guided 
electric PVI using MNS, which stands as a substantial improvement 
in non-irrigated catheter.10

The first-generation open-irrigated magnetic catheter was re-
vised and a study was undertaken by Chun et al by comparing the 
first-generation irrigated magnetic catheter with a second-genera-
tion irrigated catheter. Modifications included increasing the internal 
luminal diameter to improve uniformity of flow of irrigation fluid, 

adjusting the irrigation port location, and reducing internal clearanc-
es to maximize thermal conductivity, whereas inter-electrode spacing 
and RF settings were identical to the original catheter. The initial ab-
lation success rate was 93% in the second-generation catheter group. 
During global follow-up, 70% of patients were in sinus rhythm and 
no complications were observed with the second-generation catheter. 
In addition, no ‘char’ formation was detected in this group of pa-
tients. Although first-generation irrigated MNS catheters improved 
catheter performance, two thromboembolic events associated with 
catheter tip char formation occurred.11 A recent meta-analysis of six 
non-randomized and one randomized clinical trials including 349 
patients reported the outcomes of AF ablation with MNS when us-
ing open-irrigated catheter. Major complications, including deaths, 
PV stenosis, embolic events, and/or pericardial tamponade, were rare 
events and occurred in 7 patients (2.2%) and only one thromboem-
bolic event was reported.12  
Remote Magnetic Catheter And Sheath Manipulation 
Systems

Circumferential continuous ablation lines aim to electrically dis-
connect the PV antrum from the body of the LA and are considered 
the cornerstone of the ablation procedure. A concrete ablation line 
necessitates lesion continuity and transmurality.MNS was lacking ef-
ficacy in creating continuous linear ablation lesions outside the PVs 
due to reduced maximal force applied, making patients more prone 
to AF recurrence. Maximal CF provided by magnetic catheters was 
inferior to that obtained with conventional catheters in experimental 
studies (26.8 vs. 45.4 g).10 CF in magnetic catheters is limited by the 
maximum force resulting from the interaction of the magnetic fields 
of the catheter and the external magnets. Also, the flexibility of the 
magnetic catheter shaft results in deterioration of the maximal force 
applied to the tissue. When a circular mapping catheter is used in the 
PVs, the operator needs to leave the control room in order to man-
ually manipulate this mapping catheter. Although some groups per-
form catheter ablation of AF without the use of a circular mapping 
catheter, it can be used to evaluate complete PVI at the end of the 
ablation procedure. Given that manipulation of the catheter needs to 
be performed several times, it could be more time consuming than 
during a manual ablation procedure.

The mentioned disadvantages concern the catheter-only advance-
ment system (CAS) with a fixed curve sheath. Since 2012, the Vdrive 
system (Stereotaxis Inc.) has been introduced that it allows the phy-
sicians to maneuver both a magnetic ablation catheter as well as an 
otherwise manual circular mapping catheter (V-Loop, Stereotaxis) 
remotely from a radiation shielded control room.13 The catheter can 
be advanced, retracted, rotated and deflected. The loop size of the 
circular mapping catheter can be modified as well. The Vdrive can 
be used for navigation between PVs, mapping of the chambers and 
identifying gaps with segmental isolation. Nölker et al reported that 
the first human clinical experience of Vdrive system in 94 patients 
demonstrated that the use of this system is feasible and safe for the 
ablation of atrial arrhythmias. 100% of the patients achieved the clin-
ical end point of complete PVI and there were no adverse events 
related to the use of the system. Only three patients (3.2%) required 
crossover due to deeper placement of the sheath not allowing to reach 
to the vein, a suboptimal initial setup of the Vdrive and impossibility 
for counter-clockwise rotation due to safety limits of the system.13

MNS can be demanding in some cases, especially on the subject 
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of the right inferior PV, because of anatomical complexities and the 
relationship of the ostium of the right inferior PV to the insertion of 
the transseptal sheath to the LA.10 Mapping on the right side of the 
LA was proved more complex and caused prolongation of ablation 
and procedure times. It is considered that for the mapping and abla-
tion especially of the right inferior PV, the proximal ablation catheter 
magnets may remain withdrawn inside the transseptal sheath even if 
the latter is kept back into the right atrium.11 To overcome this diffi-
culty, Choi et al. retracted the sheath in the lower inferior vena cava 
after a more anterior transseptal puncture in manual catheter navi-
gation patients in an effort to ease accessibility to the anterior-septal 
parts of the LA and the right PVs.14

Steerable sheath technology has emerged as a measure to optimize 
catheter-tissue contact and improve catheter guidance into all cardiac 
structures. The use of this technology has been reported to increase 
catheter stability, tissue contact, and improve ablation outcome. Pi-
orkowski et al. demonstrated that steerable sheath technology has 
a significant impact on clinical outcome after AF ablation, without 
compromises regarding safety. In particular, they reported on a sig-
nificantly higher single procedure success in patients ablated with a 
steerable sheath (76% vs. 53% in those ablated with a non-steerable 
sheath after 6 months follow-up). After stepwise multivariable lo-
gistic regression analysis, only steerable sheath utilization emerged 
as independent predictor of treatment success, providing more suffi-
cient and stable catheter-to-tissue contact in all ablation target sites, 
the latter leading to the formation of broader and deeper tissue le-
sions.15

The latest generation of MNS system can be coupled with a new 
advancement system that fully controls both the catheter and a ro-
botic deflectable sheath. The V-CAS deflect system (Stereotaxis Inc.) 
is a remote navigation platform that consists of a robotic drive unit, 
a remote controller, and a catheter-specific disposable set that inter-
faces the drive unit with both the robotic sheath and the magnetic 
catheter. The operator controls both deflectable sheath and catheter 
motion by manipulating the remote controller. The drive unit then 
transmits these commands directly to the catheter handle. Opera-
tions governed by the remote controller include advancement, re-
traction, rotation, deflection, looping, and unlooping movements. The 
first experience on remotely controlled steerable sheath coupled with 
magnetic navigation in the setting of AF ablation was reported by 
Errahmouni et al. They reported that V-CAS deflect fastens right 
pulmonary vein isolation with significant reduction of the procedure 
duration and radiofrequency delivery time compared to standard 
magnetic navigation (catheter-only advancement).They used the 
sheath to provide an anchoring point for the magnetic catheter inside 
the LA, in a region opposite to the ablation target site. Thus, a longer 
length of the magnetic catheter is available for alignment with the 
magnetic field, improving navigation and tissue contact.16

Efficacy Of The Magnetic Navigation Systems 
The several studies have demonstrated equal clinical efficacy of AF 

ablation procedure performed with MNS when compared with con-
ventional method. Shurrab et al in their meta-analysis of 1647 pa-
tients in fifteen studies demonstrated that MNS has similar rates of 
success outcomes when compared to manual catheter ablation for AF. 
In comparison between MNS and conventional groups, a tendency 
towards higher acute success was noted with the conventional group 
but with similar long-term freedom from AF (95% vs. 97%, OR 0.25 

(95% confidence interval [CI] 0.06; 1.04, p = 0.057); 73% vs. 75%, 
OR 0.92 (95% CI 0.69; 1.24, p = 0.59), respectively). A significantly 
shorter fluoroscopic time was achieved with MNS (57 vs. 86 min, 
standardized difference in means (SDM)−0.90 (95% CI−1.68;−0.12, 
p = 0.024)). On the other hand, longer total procedure and ablation 
times were noted with MNS (286 vs. 228 min, SDM 0.7 (95% CI 
0.28; 1.12, p = 0.001); 67 vs. 47 min, SDM 0.79 (95% CI 0.18; 1.4, p 
= 0.012), respectively).17A reasonable fraction of the procedure time 
was utilized during the ablation.8,18 To realize equally effective abla-
tion lesions, more RF current needs to be delivered as compared with 
the conventional approach. In prior studies, it was suggested that the 
MNS was not sufficiently effective in making ablation lines.6,19 This 
statement was based on using a 4 or 8-mm non-irrigated MNS ab-
lation catheter. However, these results were partially confirmed based 
on longer RF application times while using an irrigated MNS cathe-
ter.9 Data suggest that MNS requires a longer total application time 
than manual procedures and is therefore less effective at creating lin-
ear lesions; however, the long- term outcome is equivalent.8,9 

Catheter based CF sensing technology gives detailed informa-
tion regarding contact between the catheter tip and myocardium. 
CF-guided CPVI improves long-term outcome of manual PVI. The 
TOCCATA study investigated a new force-sensing RF ablation 
catheter to measure the real-time CF within ablation. The authors 
stated that the CF during PVI predicts AF recurrence at 1-year fol-
low-up. The patients treated with an average CF of 10 g had AF 
recurrences and the patients treated with a CF of >20 g had no AF 
recurrences.20 The CF applied by the MNS on the endocardial sur-
face is substantially lower than when using conventional ablation 
catheters.3 The study by Solheim et al. looked at Troponin T (TnT) 
level as a sensitive measure for myocardial injury, comparing MNS 
utilizing either an irrigated or non-irrigated catheter to conventional 
manual-irrigated catheters in AF ablation procedures. They demon-
strated a significant correlation between total ablation time and 
post-ablation levels of TnT. Lower number of TnT and longer total 
ablation times were noted with MNS. Remote magnetic catheters 
may create more discrete and predictable ablation lesions measured 
by myocardial enzymes and may require longer total ablation time 
to reach the procedural endpoints in contrast to manual catheters 
that are likely to be less stable as suggested by the study with higher 
number of TnT as the catheters are sliding; brushing the endocardi-
um during ablation causing more myocardial damage. There were no 
differences in success rates between groups, suggesting that MNS is 
still effective with less myocardial damage.18 Conversely, we found 
that cryobaloon ablation for paroxysmal AF resulted in an greater in-
crease in TnI levels and TnI level was the only independent predictor 
of AF recurrence in multivariate analysis.21 As a better control of RF 
energy delivery optimizes the ablation procedure, a CF sensor should 
be included in the next generation of magnetic catheters.

The lower CF is compensated by the better catheter stability pro-
vided by the MNS.22-24 The magnetic catheter remains stable despite 
complex atrial anatomy or cardiorespiratory movement. Because of 
the constant magnetic vector, the location of the ablation catheter 
will not change during an application. Besides, the MNS allows bet-
ter perpendicular alignment of the catheter tip which improves ener-
gy delivery.25,26 It has been shown that stability combined with lower 
CF can produce efficacious lesions.27 The magnetic stability of the 
catheter provides constant wall contact of the catheter tip with less 
variation in CFs, whereas, conventional techniques show intermit-
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fluoroscopy time was 7.5 (3-14) min. They were able to reduce the 
procedure time by 100 minutes, reduce fluoro time by 11 minutes, 
while achieving 100% acute isolation. Compared to the 2.generation 
magnetic navigation system, using of the EPOCH system resulted in 
a dramatic reduction in procedure duration.29

Electroanatomical mapping systems  (Carto XP, Cartomerge, Car-
to 3; Biosense Webster, Diamond Bar, CA, USA  and NavX; St. Jude 
Medical, Inc., St. Paul, MN, USA) and the integration of 3D cardi-
ac images (magnetic resonance  imaging or computed tomography 
scan) show great potential for reducing both procedure and X-ray ex-
posure times. Manipulation of the catheter does not need continuous 
fluoroscopy and it is generally used only to confirm tip localization 
prior to application.  The main progress was made over the past years 
with the Carto 3 mapping system. In Carto XP mapping system vi-
sualization was possible only for the ablation catheter tip by means of 
electromagnetic technology. The inability to visualize multiple cath-
eters required routine validation of the Lasso catheter position by 
means of fluoroscopy, thereby prolonging radiation exposure.29-32 The 
Carto 3 system combines the electromagnetic technology with new 
advanced catheter location technology that enables visualization of 
multiple catheters without fluoroscopy.33 The data showed that the 
combination of MNS and Carto 3 system significantly reduced the 
both patient and operator X-ray exposure.34

Since MNS is so well implemented into modern electrophysiology, 
understanding of the usefulness for repeat catheter ablation is very 
important for clinical practice. For repeat AF ablation procedures, 
MNS has been related to fewer recurrences when compared with 
manual conventional technique. The study by Akca et al investigated 
the effectiveness of MNS in repeat catheter ablation and they stated 
that the use of MNS leads to similar acute and long-term success 
as manual ablation, independent of what technique has been used 
during the initial procedure. When procedural parameters were ana-
lyzed MNS was associated with longer fluoroscopy times (59.5+19.3 
vs. 41.1+ 18.3 min, P, 0.001) and longer procedures (257+72 vs. 
185+64 min, P ¼ 0.001). MNS is comparable with manual ablation 
in acute success of repeat catheter ablation and may reduce recurrenc-
es on the long term. Therefore, it may be considered as an alternative 
technique although it has the potential to prolong procedure times.35

Safety Of The Magnetic Navigation Systems 
Catheter ablation as a treatment for AF is often associated with 

a substantial risk of major complications that are major limitations 
of these techniques, as shown by Cappato et al. in their registry of 
AF ablation procedures undertaken in 521 centers in 24 countries. 
Although AF ablation was shown to be efficacious in approximately 
80% of cases, with an average of 1.3—1.7 procedures per patient, 
the rate of reported major complications was 4.5% of cases, with 1% 
vascular accidents and 1.3% tamponade.36 Tamponade is the most 
commonly reported major complication.36–38 When moving the cath-
eter, high CFs are often applied and can be at risk of perforating the 
atrial wall. The safety concerns including pericardial effusion/tam-
ponade, stroke/TIA, radiation exposure and the atrial–esophageal 
fistulae (AEF) have been increased considerably by the introduction 
of MNS. To date, this issue has been evaluated and the overall com-
plication rate was found similar between MNS and conventional 
groups. Proietti et al. in their meta-analysis of 941 patients in seven 
trials demonstrated an odds ratio (OR) of 0.41[95% CI 0.19–0.88, P 
¼ 0.02] in favour of MNS regarding major complications.12 

tent or variable CFs. This decreased variation of CF will create more 
transmural and larger volume lesions at comparable forces.  Magnetic 
catheters also deliver RF energy with a lower mean temperature and 
with less variability of temperature during ablation, thus enhancing 
tissue energy transfers.28 In studies to date, MNS was compared only 
to conventional manual ablation without CF guidance. One may hy-
pothesize that manual-PVI guided by contact force is probably more 
effective than MNS.

Until 2012, the workflow of MNS was made difficult by the need 
for the operator to commute frequently between the control room 
and the procedure room in order to manipulate each class of cathe-
ter. This introduced inefficiencies into the procedures as it would be 
necessary for the operator to repeatedly relocate and rescrub, or to 
require the assistance of another operator at the patient’s tableside. 
In addition to lengthening procedures, this exposed the operator to 
additional radiation, thereby undermining an important advantage 
of the MNS. The authors of previously published studies point out 
that their long procedure times may be due to the need to frequently 
move between the control room and the patient bedside in order 
to manually navigate the circular mapping catheter.8,10 The study by 
Nolker et al showed that using of Vdrive system minimizes the time 
consumed during the procedure for relocating a circular catheter. 
Mean fluoroscopy time was higher than has been reported for mag-
netic PVI procedures, but lower than previous manual data.8,10 How-
ever, this study incorporated the initial experience of the new Vdrive 
technology, both procedure and fluoroscopy times may be expected 
to shorten as the operators become more familiar with the system 
following the initial learning curve. 

There are difficult regions where the MNS cannot provide suf-
ficient CF, resulting in lower energy delivery. These are exactly the 
most difficult regions to use manual ablation catheters. In these cas-
es, switching to a manually controlled ablation catheter is common. 
Especially, mapping and ablation of the right inferior PV due to an-
atomical complexities was proved more complex and caused prolon-
gation of ablation and procedure times.10,11 V-CAS Deflect system 
allows looping the robotic deflectable sheath inside the LA and this 
fastens right pulmonary vein isolation with significant reduction of 
the procedure duration and radiofrequency delivery time compared 
to standard magnetic navigation (fixed curve sheath and a cathe-
ter-only advancement system).16

Longer procedure time can also be explained by a slower naviga-
tion speed of the LA and other chambers using MNS compared with 
experienced manual navigators. The separate movements of changing 
the magnetic vector, movements of the magnets and subsequently 
catheter movement, will increase the time spent on navigating the 
catheter and thus the procedure and ablation time. On this road, a 
significant improvement was made with Niobe ES (Epoch) system 
(Stereotaxis, Inc., St. Louis, MO, USA), which increases the speed 
of the magnetic catheter with respect to the earlier version, can be 
coupled with the V-drive system. This system advances soft cathe-
ter control to a new level, dramatically improving catheter response 
times, providing responsive real-time control and offering new com-
puter-assisted catheter movements that allow physicians to master 
difficult techniques with the click of a mouse. Fast 125 ms response 
to navigator commands potentially enabling shorter procedure times. 
Wissner et al compared procedural data using the EPOCH system 
with using the 2.generation system for catheter ablation of AF.  Me-
dian procedure duration was 142 (105-170) min and median total 
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who underwent catheter ablation for AF by cryoballoon or RF and 
defined the risk factors for gastroparesis.41 Totally 104 patients were 
treated with PVI with 2 different technologies: cryoballoon in 58 
patients (group 1) and open-irrigated tip RF catheter in 46 patients 
(group 2). Gastroparesis was seen in 7 cases (6 cases in group 1 and 1 
case in group 2, respectively).  Management was conservative, and the 
patients have no residual symptoms at 6-month follow-up.

The presence of implantable cardiac devices makes the operator 
unwilling to carry out a MNS procedure. Electromagnetic interfer-
ence with pacemaker (PM) or implantable cardioverter defibrillator 
(ICD) systems may cause temporary or permanent system malfunc-
tion of implanted devices. A study involving 121 devices (77 PMs, 44 
ICDs) were exposed to an activated MNS at the maximal magnetic 
field strength of 0.1 Tesla, showed that the risk of interference was 
very small, as 95% of devices did not show any interference with 
the programme variables, battery status or registered data.42 Another 
study involving 31 patients with devices (5 PMs, 26 ICDs) demon-
strated that MNS system can be performed safely in patients with 
implanted devices with no significant effects on device system integ-
rity. After the procedure, no statistically significant difference either 
in atrial or right ventricular sensing and impedance were observed.43 
In another study, 18 patients with implanted devices [12 PM, 3 
ICD, 1 CRT-P, 2CRT-D] were evaluated and no relevant changes 
in lead parameters or device programming were observed after the 
MNS procedure. No interference was noted in ICD/CRT-D devices 
(tachycardia detection off ) and in 2 PMs, whereas 10 PMs and 1 
CRT-P switched to asynchronous stimulation for 1.8 ± 0.3 h (63 ± 
13% of RMN duration) without clinical adverse effects.44 The use of 
MNS is generally safe in patients with implanted devices, however, 
risks and benefits of the utilization of the MNS system should care-
fully be weighed for every single patient. the safety of this technology 
in patients with PMs and ICDs and the effect on the integrity of 
these implanted devices and le

Conclusions
MNS offers an equivalent efficacy to the manual technique for AF 

ablation with better safety profile associated with a significant reduc-
tion in fluoroscopy time and radiation exposure, but also with longer 
procedure time. However, the new  developments with the release of 
the latest version of the Niobe ES (Epoch) system with its robot-
ic arms (Vdrive system), the later versions of 3D mapping systems  
might decrease the procedure time to a level closer to manual cathe-
ter ablation procedures and resolve the concern about the high cost of 
installing the system. As a different ablation modality, conventional 
cryoballoon ablation by single-shot technique, easier for the operator 
and shorten procedure time beyond the learning curve. Finally, the 
system provides a special benefit for the operator by reducing the 
level of physical constraint during the long procedure and fatigue at 
the end of the day.
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