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Description of the system 
Robotic Magnetic Navigation (RMN) refers to a unique surgical 

robotic technology that utilizes precise externally applied magnetic 
fields to allow for direct distal tip control of flexible endovascular 
devices. The currently available RMN system (Stereotaxis, Inc., St 
Louis, MO, USA) consists of two computer-controlled large external 
magnets held by robotic arms next to the patient table, a computer 
interface, and magnetically tipped steerable endovascular devices. 
Through the generation of precise magnetic fields, the system directs 
and digitally controls the distal tip of endovascular devices within the 
heart and coronary/peripheral vasculature. The magnetic fields are less 
than 10% of the typical generated magnetic field strength by standard 
MRI equipment (generally 0.08-0.10 Tesla compared to 1.5-3.0 Tesla 
for MRI). The physician, seated outside the operating room in a control 
cockpit, uses an intuitive computer interface to maneuver a catheter 
or guidewire by adjusting the magnetic field around the patient. The 
generated magnetic field does not push or pull the device. Instead, the 
magnetic field changes the direction of the device by deflecting its distal 
tip omnidirectionally in 3D space. The operator can advance or retract 
the device in the cardiovascular anatomy with the aid of a computerized 
motor drive system. The mechanism of action eliminates the need for 
traditional stiff endovascular devices with pull-wires. 

RMN results in the delivery of a soft tipped catheter or guidewire 
that is not only safe to advance within the vascular space but also allows 
for precise control, stability, and excellent maneuverability. Because 
the catheter or guidewire tip is controlled by the external magnetic 
fields, the physician has the same degree of control regardless of the 
number or type of turns, or the distance traveled in order to arrive at 
its final position.

The Beginning
RMN was originally conceived in 1984 as a way to provide true 

stereotactic navigation to treat brain tumors using electromagnets. The 
technology was first tested in 1987, with magnetic “seeds” successfully 
being navigated to target sites in a canine brain.  Stereotaxis as a 
company was founded in 1988 to bring to clinical fruition the work 
of Drs. Howard, Grady, and Ritter. A first-generation interventional 
workstation (Figure 1) was installed at Barnes-Jewish Hospital in St. 
Louis in 1995 where pre-clinical work continued. In 1996, catheter 
delivery of therapies added a new mode of magnetic navigation, leading 
to a successful brain biopsy technique in the first human clinical trial 
in 1998.

As the technology continued to develop, it became apparent that the 
inherent advantages of magnetic navigation had broader applicability 
than neurology.  In 2000, the FDA approved the commencement 
of human trials for its first endovascular applications: cardiac 
electrophysiology (EP) and interventional neuroradiology using the 
new electromagnetic Telstar system (Figure 2). In 2001, the first human 
EP procedure was performed using Stereotaxis confirming its safety 
for intracardiac navigation, recording, and pacing. FDA approval of the 
first magnetic guidewire in 2002 lead to both coronary and peripheral 
vasculature use.  Subsequently from 2001 to 2008, the development of 
several new guidewire models led to expanding indications for its use 
in both neurovascular and peripheral arterial disease (PAD).

While the electromagnet approach was successful as proof-of-
concept, the required infrastructure for hospitals to support the system 
proved too great for broad adoption.  In 2001, Stereotaxis began 
developing a newer system utilizing permanent magnets, called the 
Niobe system.  The first installation of this system (Figure 3) occurred 
in 2003 at Central Baptist Hospital in Lexington, Kentucky. The first 
European system was installed at St. George in Hamburg, Germany 
later that same year.

www.jafib-ep.com Special Issue May 2022



Special Issue May 2022

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation & Electrophysiology8 Robotics in EP

www.jafib-ep.com

The Niobe system was followed by the development of a Niobe II 
system in 2004, which added the ability to tilt the magnetic pods to 
support steeper imaging angles and allow use in larger patients. This 
product drove a significant increase in the use of both interventional 
cardiology (IC) coronary/peripheral guidewire applications and in 
EP. At that time, Stereotaxis was used in EP procedures for guidewire 
directed coronary sinus lead delivery during cardiac resynchronization 
therapy (CRT) implant. Development of a magnetic ablation catheter 
and integration with a 3D catheter localization/mapping system 
(CARTO, Biosense, Johnson & Johnson, Irvine, CA) resulted in 
direct real-time catheter visualization without fluoroscopy, creation of 
electrical anatomical maps, and guided radiofrequency energy delivery 
for ablation of arrhythmias. This led to a more widespread adoption of 
Stereotaxis in the expanding catheter ablation arena for the treatment 
of supraventricular tachycardia (SVT), atrial fibrillation (AF), and 
ventricular tachycardia (VT).

Focus on EP
It quickly became evident through the early experience in EP that 

there was a need for additional technology in order for RMN to reach 
its full potential.  Allowing physicians to perform the majority of a 
catheter ablation procedure in the control room provided the unique 
opportunity to have direct hands-on utilization  of the recording, 
mapping, and ablation systems. Unfortunately, significant practical 
limitations existed in interacting with multiple systems as each system 
had their own monitor, keyboard, and mouse. The large monitor screen 
solutions that were available at that time allowed consolidation of the 
multiple systems’ data by organizing their images on a single large 
screen. Unfortunately, the recording, mapping, and ablation devices 
were not controlled by a single system.  Therefore, the Odyssey system 
was conceived to not only allow a user to see all relevant data/images 
on a single screen but also to provide a single keyboard and mouse to 
control each system.  The first Odyssey system was installed in 2007, 
with subsequent installation of a higher resolution system in 2009.

With the release of irrigated ablation catheters in 2008, the growing 
interest in Stereotaxis for complex cardiac ablation procedures drove 
the decision to focus on EP exclusively.  Over the ensuing few years, 
several additional products were developed. Odyssey Cinema added the 
ability to both record and observe procedures remotely.  Vdrive provided 
a mechanical robotic platform to manipulate sheaths and diagnostic 
catheters without the need for magnetic navigation. Niobe ES was 
introduced in 2011 resulting in faster response times to user inputs, new 
computer-assisted catheter navigation, and a simplified interface. At 
that time, the following RMN advantages were observed: 1) significant 
reduction in procedural complications and radiation exposure to both 
the patient and physician, 2) the ability of the catheter to reach even 
the most challenging locations, 3) improved catheter stability with 
stable continual contact with cardiac tissue, and 4) enhanced physician 
comfort with lead burden reduction.  The next piece of the puzzle was to 
focus on procedural efficiency.  A best practices program was introduced 
in 2012 that would enable physicians to significantly reduce procedure 
times while maintaining the advantages previously described.

Data & Benefits of RMN Today
Today, RMN in EP has resulted in the treatment of more than 

130,000 patients in institutions ranging from small community 
hospitals to larger teaching and academic centers (Figure 4).  The 
impact of RMN on catheter ablation of AF, VT, and SVT in both 
pediatric, congenital, and adult populations has been demonstrated in 
over 400 journal articles.  While still a small part of the EP ecosystem, 
RMN has demonstrated distinct clinical advantages over other 
catheter-based approaches.

In a recent meta-analysis of RMN for VT ablation which included 
13 studies and 1348 patients, Blandino et al.1 showed superior acute 
ablation success rates, a better safety profile, and significant fluoroscopy 
reduction with RMN compared to both standard and contact-force 
sensing catheters. In AF ablation, a second meta-analysis of RMN 
including 14 studies and 3375 patients (Ghadban et al.2) demonstrates 
lower complication rates and fluoroscopy time (mean difference 18.01 
minutes), with similar success rates. Noten et al.3 showed significantly 
reduced recurrence rates in patients treated for AVRT with RMN 
compared to both manual catheter ablation as well as cryoablation.  
After a mean follow-up of 5.5 years, recurrence rates were 4.3% for 
RMN, 15.6% for manual ablation, and 54.5% for cryoablation, p < 
0.001.  They postulated that the improved outcome of RMN in AVRT 
ablation is an affirmation of improved catheter stability.

Congenital heart disease patients with complex arrhythmias have 
benefitted greatly from RMN.  The omnidirectional steering capability 
of the magnetic catheter provides the ability to reach the desired target 
even in the most tortuous anatomies. SVT RMN procedures using the 
retrograde aortic approach in patients with previous intra-atrial baffle 
procedures or interrupted IVC access4 have been reported and are just 
some of the complex arrhythmias ablated in this complicated patient 
population.

The reduction in fluoroscopy time benefits not only patients, but also 
physicians.  The overall reduction in radiation exposure reported does 
not even include major advantages to the physician who is completely 

Figure 1: MS-6 installed at Barnes-Jewish Hospital
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out of the radiation field during much of the procedure. Prolonged 
physician radiation exposure has been linked to cancer5, cataracts6, 
and infertility7.  Reducing fluoroscopy exposure by 20 minutes per 
procedure for a physician doing 200 ablations a year for 30 years would 
reduce lifetime exposure by 2,000 hours.

While not formally studied, there is growing evidence that RMN can 
reduce a physician’s risk of developing chronic muscular and orthopedic 
disorders by removing the burden of lead and need for prolonged 
standing.  When using the Stereotaxis system, electrophysiologists 
with chronic orthopedic issues can still conduct even the most complex 
procedures, potentially allowing them to practice for a longer period 
of time. Finally, RMN has the ability to provide remote support via a 
call center.  This not only includes procedure and system diagnostics 
support, but also includes physician-to-physician proctoring which has 
been particularly useful during the recent pandemic.

New Technological Advances & Future Direction
Despite growing clinical evidence supporting the benefits of RMN 

in EP for both patients and physicians, overall adoption of RMN 
has remained limited. Only about 1% of cardiac ablation procedures 
globally are performed with RMN. Since 2017, new management in 
Stereotaxis has led to an innovative strategy with the following key 
goals: 1) making robotics broadly accessibly by reducing structural and 
cost barriers to adoption, 2) revitalizing the EP portfolio by facilitating 
an open ecosystem around robotics and next generation catheters with 
improved performance, 3) expanding RMN as a platform technology 
that addresses endovascular navigation challenges more broadly, and 
4) advancing digital surgery as an added dimension to robotics that 
improves connectivity, intelligence, and automation in the operating 
room. 

Genesis, introduced in 2020 (Figure 5), was the first significant 
structural redesign in an RMN system since the original launch of 
Niobe. It incorporated a new “center of mass” design that allows for 
smaller magnets placed closer to the patient to generate the same 
magnetic field strength. The system reduced the overall size, weight, 
and complexity of constructing a RMN lab. Also, it addressed long-
standing latency in Niobe and is significantly faster than Niobe 
ES with near instantaneous responsiveness. Along with Genesis, 
Stereotaxis introduced the Model S fluoroscopy system as a tightly 
integrated imaging solution.  By offering both large capital systems in 
combination, Stereotaxis was able to reduce the cost of acquisition and 
complexity of installation.  Next generation RMN systems are being 
developed with the goal of further simplifying the installation process 
by requiring no construction of operating rooms whatsoever. As a result, 
alternative financing models can be employed which will allow more 
hospitals to adopt and benefit from the technology.

In EP, an exclusive ecosystem that allowed for only one ablation 
catheter and mapping integration has gradually evolved towards a 
robust open ecosystem around RMN. A new software upgrade 
introduced the Open Mapping API architecture supporting broader 
use of RMN with various intraoperative and preoperative mapping 
systems. The AcQMap System from Acutus Medical (Carlsbad, CA) 
was the first mapping system to utilize this new capability in 2021.  
Preoperative Imaging Import allows for the use of advanced diagnostic 

tools via the import of 3D models including VIVO (Catheter Precision, 
Ledge wood, NJ, USA), inHEART (Pessac, France) and ADAS 3D 
systems (Barcelona, Spain). Stereotaxis has also developed a new 
investigational catheter. The catheter has increased magnet strength, 
optimized magnet placement for improved navigation, reduced 
irrigation flow requirements, an improved ablation tip, and will support 
an open ecosystem. Development of the catheter has facilitated a 
pipeline of future catheters that will include different energy sources 
such as pulsed field and cryoablation.

Beyond EP, Stereotaxis looks to address emerging endovascular 
medical device markets where complex vasculature is difficult to 
navigate. Five specific clinical areas with unmet medical need are 
currently under investigation: neuro intervention, coronary angioplasty, 
tumor embolization, peripheral arterial disease, and abdominal aortic 
aneurysm grafts. New magnetic guidewires, microcatheters, and guide 
catheters are under development to facilitate expansion into these areas. 
The use of RMN will allow for precise and efficient navigation through 
tortuous vasculature with improved safety and reduced radiation.

Finally, Stereotaxis has been advancing the nascent concept of 
digital surgery. Odyssey Cinema, along with Open Mapping API and 
Preoperative Imaging Import have laid the foundation in the emerging 
area of digital surgery. Broad connectivity in operating rooms leveraging 
Odyssey Cinema’s connectivity technology will improve technical 
and clinical support by industry, collaboration between physicians, 
education and training on new technology, and remote procedures. 
The incorporation of various preoperative and intraoperative patient-
specific imaging into the RMN system allows for image guided surgery 
with improved display of relevant patient data to the physician operator. 
Automation algorithms are being developed and improved to enable 
autonomous navigation of devices in an efficient and safe fashion. 

The promise of broad availability of Stereotaxis systems with a 
family of compatible EP and endovascular devices, enhanced with 
the intelligence of digital surgery, point to RMN becoming an 
increasingly relevant and necessary technology for the modernization 
of endovascular intervention and improvement of care in our field.

Figure 2: First Telstar installation at Barnes-Jewish Hospital
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Figure 3: First Niobe installation at Central Baptist Hospital.

Figure 4: Global Cumulative RMN Procedures using Stereotaxis since 2004

Figure 5: Genesis at Banner University Medical Center.


