
A Review on the use of Remote Magnetic Navigation for 
Ventricular Tachycardia Ablation
Adnan Ahmed1, Rishi Charate1, Naga Venkata K Pothineni1, Domenico G. Della Rocca2, Arshad Muhammad Iqbal3, David 
Burkhardt2, Luigi Di Biase4, Amin Al-Ahmad2, Rakesh Gopinathainnair1, Andrea Natale2, Dhanunjaya Lakkireddy1

1 Kansas City Heart Rhythm Institute, Overland Park, Kansas, USA
2 Texas Cardiac Arrythmia Institute, Austin, Texas, USA
3 Department of Cardiovascular Medicine, University of Missouri, Colombia, Missouri, USA
4 Montefiore Medical Center, Bronx, New York, USA

Corresponding Author
Dhanunjaya Lakkireddy, MD, FACC, FHRS
Executive Medical Director
The Kansas City Heart Rhythm Institute (KCHRI) @ HCA MidWest, 
Professor of Medicine, the University of Missouri - Columbia

Key Words
Stereotaxis, VT Ablation, RMN-Catheter Ablation, 
Manual Navigation (MAN)

Introduction
Ventricular tachycardia (VTs) is often a life-threatening arrhythmia 

associated with sudden cardiac death (SCD). Almost 80% of patients 
with VTs have underlying ischemic heart disease. The incidence of VTs 
and SCD is estimated to be 5.6%, claiming 350,000 to 400,000 lives 
annually in the United States alone1. Although implantable cardioverter 
defibrillators (ICD) improve survival outcomes by detecting and 
interrupting life-threatening ventricular arrhythmias, they do not 
prevent their onset. VTs recurrence and multiple ICD therapies are 
related to increase morbidity and mortality. Antiarrhythmic drugs 
(AADs) are used frequently for the treatment of VTs but have a narrow 
therapeutic index, and are limited by their adverse effect profiles2.

Over the years, a better understanding of the pathophysiology of 
ventricular arrhythmias and significant advances in percutaneous 
approaches, catheter ablation has become the standard of care for 
patients with drug refractory ventricular arrhythmias. Catheter ablation 
of ventricular arrhythmias is a complex procedure. It is important to 
obtain accurate mapping, which can often be difficult to achieve due to 
variable anatomy of the heart or any underlying structural heart disease3. 
Also, the success rate is significantly linked to operator experience and 
catheter handling abilities. Catheter stability and maneuverability are 
important determinants of success for VTs ablation.

Procedures are often long and expose the patient and operator 
to prolonged radiation exposure with significant orthopedic and 
ergonomic stress impacting their physical health. One study reported 
that 49% of cardiologists working in cath labs have suffered from 
one or more orthopedic injury as a direct result of their work4. Also 
50% of cardiologists and 41% of cath nurses have been noted to have 
significant subcapsular lens changes impacting their vision5. Another 
study reported 85% of interventional physicians with brain tumors 
were located on the left side of the brain, which typically faces the x 
ray source6.
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Abstract
Ventricular tachycardia (VT) is a life-threatening arrhythmia associated with sudden cardiac death (SCD). Antiarrhythmic drugs (AADs) are 

used frequently but their long-term efficacy is often limited by the adverse effect profile. With improved understanding of the pathophysiology 
of ventricular arrhythmias and significant technological advances in mapping and ablation techniques, catheter ablation is now a commonly 
performed procedure. Due to operator dependence, prolonged radiation exposure and procedure complications in manual navigation (MAN), 
remote magnetic navigation (RMN) evolved to become a valuable tool for VT ablation. In the last two decades, RMN use gained popularity, 
as its acute procedural success, complication rates and procedural times have shown superiority over MAN. The added benefit of decreased 
fluoroscopy exposure for physician and patients makes it a valuable approach in long VT ablations, since RMN eliminates operator fatigue, 
optimizes catheter contact on ablation site and improves maneuverability in complex anatomy. The learning curve for operators and the 
costs for its set up in centers remain a matter of debate. In this review, we discussed about the clinical experience using remote magnetic 
navigation in contemporary VT ablation.
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In the last two decades, remote magnetic navigation (RMN) has 
evolved as a promising technology to overcome some of the limitations 
of manual navigation (MAN). RMN offers decreased radiation 
exposure, greater catheter stability, increased precision, and better 
clinical outcomes with lower periprocedural complications7. In this 
review we aimed at providing an overview of RMN and discussing its 
impact on procedural outcomes and overall safety.

Remote magnetic navigation system
Robotic magnetic navigation (RMN) was first introduced and 

commercialized by Stereotaxis (Niobe®) in 2003. The system consists 
of two robotically controlled magnets next to the fluoroscopy table 
(Figure 1). They create a uniform magnetic field (0.08-0.1T) of 
approximately 20 cm diameter inside the chest of the patient. The 
direction of the magnetic field can be changed by tilting, rotating, 
and moving the magnets, thereby allowing the movements of the 
magnetically enabled mapping/ablation catheter in different planes8. 
The operator interfaces with the system via the Navigant™ Navigation 
Workstation software (Stereotaxis, Inc., St. Louis, MO, USA) using a 
mouse, keyboard, joystick, and the ODYSSEY® viewing screen. The 
system is fully integrated with both fluoroscopy and electro-anatomical 
mapping systems (CARTO RMT, Biosense Webster, Inc., Diamond 
Bar, CA, USA). The operator is seated in the control room as compared 
to standing next to the patient, which allows for lesser operator fatigue 
and radiation exposure (Figure 2).This provides a significant ergonomic 
advantage in long VTs ablations.9, 10

The magnetic catheter contains a permanent magnet in the tip and 
is highly flexible. The magnetic field helps the catheter align itself 
with the direction of the external magnets. Maximal force is exerted 
when the catheter is perpendicular to the magnetic field and minimal 
when parallel to the magnetic field. This gives the magnetic catheter 
advantages over conventional catheters regarding maneuverability 
and lower incidence of complications (Figures 3 & 4) (Videos 1 & 2). 
With real-time three-dimensional mapping during the procedure, the 
change in magnetic vector allows micro movements in increments of 
1 mm to 9 mm8, 11. 

During the procedure,catheter is controlled by a bedside robotic 
navigation system (Figure 5) that receives signal inputs from the 
operator in the control room. The operator can steer the catheter to the 
intra-cardiac area of interest based on multiple inputs, visual feedback 
from fluoroscopic images, 3D electro-anatomic maps and ICE images. 

Clinical Experience with use of remote magnetic navigation 
systems in VTs

VTs ablation requires accurate mapping and advanced operator 
skills to manipulate the catheter through complex ventricular 
anatomy. Poor catheter tissue contact during ablation can lead to poor 
outcomes. Catheter manipulation with stiff catheters comes at the 
risk of complications like cardiac perforation or tamponade. RMN 
and contact force catheters (CFS) came with the promise to improve 
these outcomes. In the section below we discuss in detail procedural 
outcomes with the use of RMN for VT ablation.

The earliest RMN experience was reported by Thornton et al 
regarding mapping and ablating VTs originating from the RVOT. 
RMN use allowed for successful navigation at selected points of the 
RVOT. Median procedure time was 144 minutes and acute success 
was reported in all patients with shorter fluoroscopy times13.  A large 
case series evaluating 110 patients with ventricular arrhythmias 
originating from the left ventricle (LV) reported 100% acute success 
rate with use of 3.5 mm magnetic open irrigated catheters. Only 14% 
of patients required cross over to manual ablation. RMN group had a 
significantly higher number of mapping points both endocardially and 
epicardially with longer procedural (3.3 ±1.1 hours vs 2.9 ± 1.2 hours) 
and radiofrequency delivery times (33 ± 18 minutes vs 24 ±12 minutes) 
in comparison to MAN14.

Figure 1: The remote magnetic navigation system.

Figure 2: The navigation workstation

(a) Describes the different possible inputs to of the Odyssey navigation system. (b) The operator sits 
in the control room and maneuvers the catheter to intra-cardiac area of interest based on multiple 
inputs, visual feedback from fluoroscopic images, 3D electro-anatomic maps and ICE images.
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Further study by Dinov et al reported comparable acute and long-
term success between MAN and RMN with no difference in total 
procedural times (156.85 ± 40.26 minutes vs 148.44 ± 49.56 minutes, 
P = 0.42). However, RF time was shorter with RMN. The overall 
complication rate was 2.94% which was comparable to previous studies 
and only one death was reported in the MAN group15. One study on 
the efficacy of RMN in cases of repeat catheter ablation also reported 
similar acute success and recurrence when compared to MAN. There 
was no difference for the median number of RF applications, total 
RF application time, and procedure time. RMN remained associated 
with decreased fluoroscopy times (22.8 ± 14.7 vs. 41.2 ± 10.8 min, 
P=0.011)16. 

Efficacy of RMN has also shown promise in treatment of electrical 
storm with severe ischemic heart disease. A total of 40 patients were 
included with a total of 84 VTs induced in the entire patient population 
(mean number 2.1±1 VTs per patient). VTs was successfully ablated 
in 95% of the patients during the first ablation. Two patients still had 
VTs, but their electrical storm was controlled with a combination of 
ablation and medication. No cross over to MAN was reported in the 
study. The total procedure and fluoroscopy times were 105 ± 27 min and 
7.5 ± 4.8 min, respectively. The duration of total RF ablation time was 
16.5 ± 8.8 min. No major complications, including cardiac tamponade, 
thromboembolic events or major bleeding were observed; one patient 
did require replacement of atrial lead in the ICD17.

Qian et al were the first to report that RMN-guided VTs ablation 
was associated with overall higher procedural success (80% vs 60%; 
p=0.01). They further reported better clinical outcomes in terms of 
survival and overall lower recurrence of arrhythmia in subgroup of 
ischemic cardiomyopathy. They observed that longer procedural time 
was attributed to multiple inducible VTs morphologies, indicating that 
longer ablation and procedural time was related to more VTs circuits18.

An earlier pooled analysis of7 studies that included 779 patients 

(RMN = 433 & MAN = 339) reported higher acute procedural success 
(OR 2.13 95% CI 1.40–3.23, p = 0.0004) in RMN. However no 
significant differences were noted in SHD (OR 0.61, 95% CI 0.34–1.1, 
p = 0.1) when compared to MAN. They also reported that use of RMN 
led to reduced fluoroscopy time and mean procedure duration by 10.42 
and 9.79 minutes respectively. Significant reduction in complication 
rates up to 65% (OR 0.35, 95% CI 0.17–0.74, p = 0.0006) was also 
seen in RMN group. 

RMN use was also associated with 39% lower risk of VT recurrence 
with trends favoring even in the SHD group with no differences 
between RMN and MAN was noted in idiopathic VTs cases7.

A recent updated pooled meta-analysis of 13 studies by Blandino 
et al included 1348 patients and reported higher success rates for 
nonstructural heart disease compared to those with structural heart 
disease group. This was likely attributed to the small number of patients 
(267/1348) in the structural heart disease group19. They further noted 
no significant difference in long term follow up in terms of VTs 
recurrence, which is different than described by Turagam et al earlier.7 
Pooled analysis by Guandalini et al also did not observe any difference 
in procedure times (186 ± 83 mins in RMN vs 186 ± 49 mins in MAN 
group). The mean RF time was 17 ± 15 mins with RMN offering 
reduced RF time only in non-structural heart disease patients. Mean 
fluoroscopy time was 29 ± 14 mins (22 ± 9 mins in RMN vs 37 ± 14 
mins in MAN), offering reduced fluoroscopy time of about ~40% in 
the total study population.19

RMN guided procedures were associated with significantly lower 
major complications (cardiac perforation, major bleeding, permanent 
AV block and mortality): 6/638 (0.9%) vs 25/590 (4.2%). Similar 
favorable outcomes were noted for minor complications between RMN 
vs MAN (5.6% vs 12.4%).14, 19, 20

Figure 6 summarizes the efficacy and safety outcomes from 
prior systemic review and meta-analysis7,19. RMN utilization offers 
better acute success, lower fluoroscopy times and lower risk of major 
complications including cardiac perforation and mortality. However 
procedural time and VTs recurrence has varied among studies, and 

Figure 3: Stable contact force during the beating heart

Figure 4: Comparing flexibility of the RMN to rigid manual catheters
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ARVC is a genetic condition that causes replacement of myocytes 
with fibrofatty tissue in the RV especially in the epicardial surface27. So, 
endocardial only ablation will only lead to suboptimal outcomes with 
acute success ranging from 43% to 73% in one study28. However, in a 
case series of 13 patients where endo-epicardial mapping and ablation 
was performed in population where endocardial only ablation had 
previously failed led to no recurrent VTs in 77% of the patients at 18 
month follow up29.

Efficacy of endo-epicardial approach is seen in cases of viral drug 
refractory myocarditis as 30% of patients did not respond to endocardial 
ablation only30. Similarly, a systemic review demonstrated that 18% of 
patients required epicardial ablation following endocardial ablation 
in cardiac sarcoidosis. As the scar can be multifocal in sarcoidosis 
the average number of VTs was 4 and freedom from recurrence is 
approximately 50% with 25% of patients requiring repeat ablation 
procedures31, 32.

Aryana et al in their early experience with non-ischemic scar VTs 
demonstrated safety and efficacy of endocardial and epicardial substrate 
mapping in a variety of cardiac pathologies like DCM, ARVC, HCM 
and sarcoidosis with good success. Utilization of MAN in such 
scenarios are often limited by operator skill and catheter manipulation. 
So, utilization of RMN allows for accurate mapping and ablation that 
is independent of operator skill. The study population included ARVC 
(13%), DCM (13%), sarcoidosis (4%) and prior myocardial infarction 
(62%) substrates for VTs.

They further commented that use of RMN provided all the necessary 
tools for a successful substrate mapping and ablation, like identifying 
the diseased myocardium and the arrhythmogenic areas within the scar this could be a result of a learning curve with utilization of RMN in 

comparison to MAN.

MAGNETIC VTs, a prospective, randomized, single blind, post 
market study comparing RMN to MAN ablation outcomes for guided 
substrate mapping in low LVEF population is currently underway and 
will provide further outcome data21.

Use of Remote Magnetic Navigation in Non-Ischemic 
Cardiomyopathy and Epicardial VT ablation

Non-ischemic cardiomyopathy (NICM), an umbrella term 
which includes dilated cardiomyopathy (DCM), hypertrophic 
cardiomyopathy (HCM) restrictive cardiomyopathy, arrhythmogenic 
right ventricular (ARVC) and left ventricular noncompaction (LVNC) 
cardiomyopathies22 often times presents with ventricular arrhythmias 
that are difficult to ablate as they may be arising from both endocardial 
and epicardial substrates. Sosa et al highlighted that epicardial mapping 
alone will not lead to successful endocardial ablation and prompted 
for epicardial ablation23. Prevalence of epicardial VTs ranges from 
14%-33% in patients with history of myocardial infarction24. Overall 
prevalence of epicardial VTs in patients with NICM seems to be higher, 
as they typically have re-entry circuits located over the basal lateral LV 
near the mitral or aortic valves. Hence, identifying low voltage wide 
fractionated EGMs can identify targets for epicardial ablation25. The 
success rate of catheter ablation is also lower in NICM and is reported 
to be only 38-67% vs 56-77% in ICM population26. 

Figure 5: Bedside robotic navigation system 

Figure 6: Comparison of efficacy and safety outcomes 

This bar diagram is a representation of efficacy outcomes between remote magnetic navigation 
and manual navigation.
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muscles can be challenging to map and ablate due to complex anatomy. 
They are also associated with lower success rate in comparison to 
ablation performed on arrhythmias arising from fascicular and 
idiopathic outflow tract. Catheter stability and mapping multiple 
arrhythmic exit sites after initial ablation are the most important factors 
that determine the outcome of the procedure. Bassil at al were the 
first to report a large case series of 35 patients comparing procedural 
outcomes with use of RMN vs MAN in ventricular arrhythmias 
arising from papillary muscles. They reported similar acute success 
rates between RMN and MAN groups (74% vs 73%; P=1), with 2 
patients in RMN required cross over to MAN after failure to abolish 
the clinical papillary ventricular arrythmia. Median fluoroscopy 
times were significantly lower in RMN (7.3 mins) vs MAN (23 
mins). However, retrograde transaortic access to target ventricular 
arrhythmias was higher in MAN as compared to RMN (46 vs. 4%, 
respectively; P = 0.005). The study reported a decrease in PVC burden 
from 16% to 3.6% at median follow up of 81 days40. A study by Li et al 
reported 88% acute success rate with RMN in ventricular arrhythmias 
originating from LV posterior papillary muscles. However, arrhythmias 
originating from these structures required longer procedural time when 
compared to arrhythmias originating from posterior mitral annulus 
and left ventricular fascicle41. Larger prospective studies are needed 
to determine long-term efficacy of utilizing RMN in ventricular 
arrhythmias originating from papillary muscles. 

Specific clinical scenarios
While manual navigation using a steerable catheter is routinely 

performed, specific anatomical constraints limit the operator’s 
ability to maneuver the catheter in the ventricles. Examples of these 

and delivering RF energy to terminate the induced VTs33.

A recent study by Guckel et al reported a 82% success rate with an 
overall recurrence of 39%. Although there were no differences in early 
outcomes, VTs recurrences rates were higher in NICM34. The earlier 
HELP-VTs study has reported a higher VTs recurrence rate of 40.5% 
in NICM vs 57% in ICM population, supporting the hypothesis of 
atypical scar formation in NICM35. On the contrary one small single 
center study reported better acute success and long-term survival with 
MAN in cases of NICM as compared to RMN36

Use of Remote Magnetic Navigation System in Brugada 
Syndrome

Ventricular arrhythmias are common in Brugada syndrome and 
ICD implantation remains the standard of care for preventing life 
threatening arrhythmias. But frequent ICD shocks can be challenging 
for patients and treating electrophysiologists. Newer evidence suggests 
that anterior right ventricular outflow tract (RVOT) epicardium is the 
arrhythmogenic substrate37 as older studies have revealed low efficacy of 
endocardial mapping for Brugada substrates, which are characterized 
by low voltage fractionated late potentials. A study by Nademanee et 
al reported that most patients with Brugada have a large epicardial VF 
substrate without reciprocal abnormal endocardial sites38. Ablation of 
RVOT and anterior inferior right ventricle utilizing RMN has shown 
promising results in case reports with an overall lower complication 
rate and lower procedural and fluoroscopic times39.

Use of Remote Magnetic Navigation in Papillary muscle VTs
Ventricular arrhythmias arising from the LV and RV papillary 

Figure 7: Bipolar EAM of a dense LV Scar

(a)Bipolar EAM showing dense scar at the inferior wall of LV.(b) Left panel is LAT of scar at the LV 
whereas right panel shows voltage map of the scar. (c) Left panel, red dots represent ablation points 
and scar optimization is seen in the right panel.

Figure 8: Epicardial EAM of LV and RV.

(a) Epicardial voltage map with extensive right ventricular scar tissue with some basal left 
ventricular scarring. (b) Endocardial map showing basal scar with lateral wall as well as the left 
ventricular outflow tract scar tissue. (c) Epicardial map showing scar along the right ventricle and 
base of the right ventricular outflow tract mixed tissue which was the area of reentry. This area 
was successfully updated with radio-frequency ablation. (d) Epicardial map of a patient who had 
a reentrant tachycardia from the antero-lateral base of the right ventricular epicardium near the 
tricuspid valve.
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exposure and time in lead, avoiding cumulative impact of daily radiation 
exposure.

Limitations of remote magnetic navigation
• Requires a learning curve
• Installation cost and creating a set up
• Delay in incorporation of newer catheters

Conclusion
RMN use provides better procedural outcomes and lower 

complication rates. Although learning curve and installation cost in 
centers remain a matter of debate, RMN should certainly be advocated 
for prolonged VTs ablations and in cases of complex anatomy where 
manual catheter ablation may increase the risk of complications. A case 
based approach is highly recommended.
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