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Introduction
Population based projections show that the prevalence of atrial 

fibrillation (AF) will continue to grow1. Since 2017, the HRS consensus 
statement has ruled catheter ablation as a reasonable first line treatment 
for atrial fibrillation2. As the popularity of catheter ablation continues 
to increase, several factors need to be considered to facilitate the growth 
in procedures. The number of electrophysiologists must increase or their 
productivity must be enhanced.  If the former, additional hospital space 
will also be required.  Enhancing productivity will require the continued 
efforts of both healthcare professionals and industry to bring new, more 
efficient techniques and products to the procedure room.  

More consideration will also need to be given to the human cost 
of such treatment. Cardiac ablation is physically demanding on the 
physician. While data specific to electrophysiologists is lacking, 
a meta-analysis has shown the rate of degenerative cervical spine 
disease and degenerative lumbar spine disease for surgeons and 
interventionalists has increased by 18.3% and 27% respectively from 
1997 to 2015; pooling prevalence also estimate that between 35% and 
60% of interventionalists report work related pain3. Additionally, the 
significant time investment in post graduate medical training limits 
appropriate expansion of the EP physician workforce in comparison 
to the current increase in procedural volume.

As demand for AF ablation increases, preserving proceduralist 
physical well-being while improving EP lab and AF ablation 
efficiency must remain a primary concern. Alongside physician 
wellness, reproducible and efficient procedural times will be critical 
for scheduling as the rate of required procedures per day is increased. 
Robotic Magnetic Navigation (RMN) is an emerging technology 
that can assist with both aspects.  In this paper, we describe our acute 
RMN AF ablation workflow that produces procedure times that are 
comparable with the latest manual conventional navigation (MCN) AF 
ablation while the physician is seated safely outside the radiation field. 

Treating 149 consecutive AF patients with RMN in our lab, we 
experienced the following acute outcomes: 100% acute PVI, zero 
adverse events, and average total procedure time of 61.4 minutes.  
This efficiency in RMN PVI procedures is previously unreported and 
shows the ability to combine the safety and fluoroscopy reduction of 
RMN with a high-volume complex ablation practice. Our intention 
in this reporting is to both present our experience as well as to provide 
practical advice to those considering RMN ablation techniques in a 
high volume setting, especially wherein procedural efficiency remains 
a primary limitation.

RMN Early Experience
As is often the case with new technologies, the early focus of RMN 

was applied to understanding the strengths of the dramatically different 
approach of directly manipulating the catheter tip using magnetic 
fields.  Several advantages were identified: improved safety profile, 
reduced fluoroscopy, enhanced catheter stability, and improved reach.  

www.jafib-ep.com Special Issue May 2022

Abstract
Population based projections show that the prevalence of atrial fibrillation (AF) will continue to grow. Since 2017, the HRS consensus 

statement has ruled catheter ablation as a reasonable first line treatment for atrial fibrillation. As the popularity of catheter ablation continues 
to increase, several factors need to be considered to facilitate the growth in procedures. The number of electrophysiologists must increase 
or their productivity must be enhanced.  If the former, additional hospital space will also be required.  Enhancing productivity will require the 
continued efforts of both healthcare professionals and industry to bring new, more efficient techniques and products to the procedure room. 



www.jafib-ep.com Special Issue May 2022

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation & Electrophysiology18 Robotics in EP

Given the significance of these differences, it is understandable that 
the focus was not devoted to maximizing efficiency.

Fluoroscopy and Safety
Robotic Magnetic Navigation (RMN) allows the physician to 

conduct the procedure without exposure to ionizing radiation from 
the relative safety of a control room and PC console. This significantly 
reduces or eliminates the requirement to wear lead after access and 
transseptal puncture. A recent meta-analysis of 14 papers, with a patient 
population of 3375 demonstrated RMN had fluoro times that were a 
mean of 18.01 minutes shorter than manual navigation4. The stability of 
RMN catheter tip to tissue contact and compliant nature are the most 
likely drivers in this reduction of fluoroscopy. The overall reduction in 
fluoroscopy is beneficial to the patient, support team, and physician.

Early studies identified the preferable safety profile of RMN relative 
to Manual Conventional Navigation (MCN)5. Overall complications 
– specifically pericardial effusion and tamponade – are higher in the 
MCN group most likely due to the stiffness of MCN catheters. It 
should be noted that vascular complication rates between RMN and 
MCN are similar4, but this is expected as venous vascular access is the 
same in both procedures.

Stability v. Contact Force
A major factor to the long-term success of AF ablation is the 

catheter stability during ablation. Long term success rates of RMN 
and MCN – including those in direct comparison to contact force – 
have been demonstrated to be similar6,7. Head-to-head comparisons 
have examined differences in lesion characteristics between the two 
technologies and postulated how lesion quality and lesion size result 
in similar long-term efficacy. 

In vitro studies have shown that robotic catheters are more stable 
on simulated wall motion relative to their MCN counterparts8. The 

increase in stability allows for less dispersion of RF energy, leading to 
higher quality lesions.

Grossi et al further confirmed this by measuring signal fragmentation 
and shrinkage as markers of lesion quality, in these proxies RMN 
outperformed contact force sensing catheters. Lesion dimension 
was surrogated by signal energy attenuation and impedance drop, in 
these categories contact force outperformed RMN9. Ultimately, both 
achieved similar success rates, so lesion size and quality are synonymous 
in the context of creating contiguous transmural lesion sets.   

Procedure Time
The majority of early studies suggested the tradeoff to gain RMN 

benefits was longer overall procedure times compared to MCN10,11,12,13. 
In these earlier studies, Table 1 shows there are universally longer 
procedural times with RMN relative to MCN.

More recently, a greater focus has been placed on efficiency with 
the release of the third generation RMN system (Niobe ES) and 
development of a robust Best Practices program.  These advances have 
driving reductions in procedure time to where they are comparable 7,14,15. 
In a comparison of first to second generation modalities RMN achieved 
the greatest reduction in overall procedure time while maintaining the 
highest rate on first pass isolation15. Over the last 3 years, there has been 
a huge shift in terms of closing the gap in procedure time between 
RMN and MCN15. Until such a point, the greatest improvements in 
procedure time were observed with MCN – where current procedure 
times are published to be 71 ± 19 minutes16.

Table 1:
Comparison of procedure times for RMN and MCN AF ablation 
(2010-2017)

Title Author RMT Procedure 
Time (Minutes)

MCN 
Procedure 
Time (Minutes)

Remote Magnetic Navigation With 
Irrigated Tip Catheter for Ablation of 
Paroxysmal Atrial Fibrillation

Miyazaki et al. 
2010

246 ± 50 153 ± 51

Atrial Fibrillation Ablation Using 
Magnetic Navigation Comparison 
With Conventional Approach During 
Long Term Follow Up.

Aksu et al. 
2015

286 228

Safety and Long-Term Outcomes of 
Catheter Ablation of Atrial Fibrillation 
Using Magnetic Navigation versus 
Manual Conventional Ablation: A 
Propensity Score Analysis

Adragao et al. 
2016

213 ± 58 152 ± 52

Robotic magnetic navigation for 
ablation of human arrhythmias.

Da Costa et al 
2016

213 ± 58 152 ± 52 

Radiofrequency catheter ablation 
of atrial fibrillation: Electrical 
modification suggesting transmurality 
is faster achieved with remote 
magnetic catheter in comparison with 
contact force use.

Bun et al 
2017

224 ± 38 217 ± 36

Table 2: Advances in RMN technology and workflow enhances procedure 
times

Title Author RMT Procedure 
Time (Minutes)

MCN 
Procedure 
Time 
(Minutes)

Other 
Comparisons 
Procedure 
Time 
(Minutes)

Remotely controlled 
steerable sheath improves 
result and procedural 
parameters of atrial 
fibrillation ablation with 
magnetic navigation.

Errahmouni et 
al. 2015

227 ± 36  
Robotic Sheath

254 ± 62 
Fixed Sheath

Significant reduction in 
procedure duration in 
remote magnetic-guided 
catheter ablation of atrial 
fibrillation using the 
third-generation magnetic 
navigation system.

Maurer et al. 
2017

139.7 ± 22.6  263.9 ± 81.9  

Robotic Navigation Shows 
Superior Improvement 
in Efficiency for Atrial 
Fibrillation Ablation.

Noten et al. 
2019

113 ±48.1 Niobe 
ES

153 ± 52.0 
MCN

293±65.1 
Niobe II

Procedural outcomes and 
learning curve of cardiac 
arrhythmias catheter 
ablation using remote 
magnetic navigation: 
Experience from a large-
scale single-center study.

Li et al. 2020 143.5 ± 41.5 
(Average time 
of 502 AF 
ablations)

Utilization of steerable 
sheath improves 
the efficacy of atrial 
fibrillation guided 
by robotic magnetic 
navigation compared with 
fixed-curve sheath.

Luo et al. 
2022

111.9 ± 25.2 
Fixed Sheath

 90.4 ± 20.7                                        
Deflectable 
Sheath
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Workflow considerations, such as use of steerable sheaths, are also 
driving procedural efficiencies. Using a steerable sheath presents a 
number of advantages in the setting of RMN AF ablation. With a fixed 
sheath, optimizing transseptal puncture location is critical to effectively 
ablate the RPVs, the criticality is diminished when a steerable sheath 
is used17. Implementing use of a steerable sheath reduced RF, mapping 
and ablation time17.  Figure 2 demonstrates that advances in magnetic 
navigation technology and workflow best practices are closing the gap 
in procedure time between RMN and MCN AF ablation. 

While currently published data studying the efficiency of RMT in 
PVI procedures shows a considerable improvement over time, these 
procedural times are still likely greater than what is necessary in a busy 
EP lab, and do not match our experience at Deborah Heart and Lung. 

By following a set list of best practices specific to RMT technique, 
we’ve been able to achieve highly efficient and reproducible procedure 
times comparable to conventional techniques.  Average acute procedural 
data for 149 consecutive AF patients treated at Deborah Heart and 
Lung in 2021 are listed in Figure 3. Data was collected retrospectively 
and these procedures represent all AF patients, including re-do or 
persistent patients with additional targeted ablation, specific to the 
needs of each patient, which may include roofline, posterior wall 
isolation, targeting of CFAE, and CTI flutter line.  In addition to the 
procedure times reported below, we validated pulmonary vein isolation 
in 100% of patients and zero adverse events. 

Procedural Technique
Under ultrasound guidance three venous access sheaths were placed 

within the right common femoral vein. A steerable duodecapolar 
catheter was positioned in the right atrium and coronary sinus.  A 
single transseptal puncture was performed using a standard fixed-curve 
sheath (Fast-Cath SL0, Abbott), under direct visualization of the 
intra-atrial septum using an ACUSON AcuNav Ultrasound Catheter 
to select a low and anterior position.  Mapping of the left atrium was 
achieved using a 20-pole high-density mapping catheter (Pentaray, 
Biosense Webster Inc.), which was then switched for a 3.5mm tip 
irrigated magnetic catheter (NaviStar RMT Thermocool, Biosense 
Webster Inc.). The SL0 was positioned directed posteriorly, with 
1cm of sheath in the left atrium.  Circumferential wide-area isolation 
was achieved with RF applied in continuous fashion using 50W and 
30ml/min irrigation, moving the catheter every 5-10 seconds on the 
posterior wall and 10-20 seconds anteriorly. Lesion assessment was 
achieved using Ablation History (Stereotaxis) and Visitags (Biosense 
Webster, Inc).  Confirmed electrical isolation of each pulmonary vein 
was validated with the ablation catheter, with additional circumferential 
pacing to check for exit block. Physicians newer to the technology 
should consider utilizing a small-curl deflectable sheath, advanced 
to the LSPV and directed towards the right-sided veins to routinely 

isolate the RSPV and RIPV. Additionally, the application of point-by-
point lesions may help better assess each individual lesion while still 
in the learning curve at a small cost to efficiency.  After confirmation 
of bi-directional block, the ablation catheter and sheath are removed 
from the left atrium under echocardiographic guidance, and catheters 
are withdrawn to the inferior vena cava. Protamine driven reversal of 
heparin is administered. Subsequent hemostasis of the groin access site 
with suture placement (purse string, or figure-of-eight), and manual 
hemostasis at the time of  sheath removal is completed and patient is 
taken from the lab for further recovery.

Conclusion
Our experience as a high volume ablation center shows procedural 

times with RMN can further be reliably improved and become 
competitive with manual catheter ablation.  This increase in efficiency 
is required to allow further productivity in an era of first line ablation 
therapy. RMT additionally offers significant improvements in physician 
well being and reductions in fluoroscopy exposure that should 
extrapolate into longer physician career lengths. Ultimately, RMN 
provides a competitive toolset and ability to complete rapid and safe 
pulmonary vein isolation and left atrial ablations with an excellent 
safety profile, reduced radiation exposure for patient and physician, 
and reduced operator fatigue.
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