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Introduction
Catheter ablation using a remote magnetic navigation (RMN) 

system (Stereotaxis™, St. Louis, MO) has served as a viable 
alternative to manual catheter ablation since the robotic system’s 
introduction in 2003.  The RMN system was integrated exclusively 
with a 3-dimensional mapping system (CARTO, J&J, Irvine, CA) and 
required the use of a proprietary ablation catheter, Thermocool RMT 
(CARTO, J&J, Irvine, CA).  This integration led to CARTO being the 
predominant mapping modality used with the Stereotaxis™ system.  
The exclusive nature of the collaboration however has led to a limited 
choice of three-dimensional mapping systems and ablation catheters 
for physicians.  In addition, since the latest iterations of CARTO 
software have not been incorporated in the RMN system, many of the 
updated software advantages are not available.

Progress in several areas of VA ablation has been achieved in recent 
years. A body of literature has found RMN to be a safe and effective 

alternative to manual catheter ablation for the ablation of ventricular 
arrhythmias (VAs ).1-6 RMN has been utilized consistently as an 
effective and safe tool for ablation of VAs since our center acquired it in 
2004.  Substrate ablation in its various forms during sinus or ventricular 
pacing has developed into an attractive alternative to mapping during 
VAs in patients with structural heart disease.  These patients often have 
multiple hemodynamically unstable VAs. Repeated VA inductions, 
attempts at entrainment, and activation mapping during VT can lead to 
progressive hemodynamic compromise and frequent rescue shocks thus 
increasing the risk of procedural morbidity and mortality.7-20 In recent 
years, there has been considerable interest in high resolution mapping 
of VAs utilizing the Rhythmia™ mapping system (Boston Scientific, 
Natick, MA).  Potential benefits of mapping with Rhythmia™ include 
the rapid acquisition of thousands of points via the Orion mapping 
catheter (featuring 64 0.4mm printed unidirectional electrodes) 
and consistent detection/annotation of ultra-low amplitude signals 
arising from diseased myocardial tissue.21-25 Studies have suggested 
incremental benefit of Rhythmia’s algorithm Lumipoint™ for the 
automatic detection and rapid annotation of abnormal electrograms 
including late potentials (LPs).26-28 Regions of anisotropy, slowed 
conduction and isochronal “crowding” identified during either sinus 
or ventricular paced rhythms (rather than during VT) correlate with 
diastolic VT corridors and effective sites for ablation further erode the 
need for mapping during VT.29-30

www.jafib-ep.com Special Issue May 2022

Abstract
Background: Stereotaxis™ remote magnetic navigation (RMN) and high density mapping with the Rhythmia™ system have been 

individually shown to be safe and effective for ablation of ventricular arrhythmias (VAs).  No studies have described the conjoint use of 
Stereotaxis™ with Rhythmia™ for the ablation of VAs.

Methods: We describe our single center experience of conjoint Rhythmia™ mapping of VAs and catheter ablation with RMN in a 
retrospective cohort of ten patients, five with extensive structural heart disease (SHD) due to ischemic and nonischemic cardiomyopathies 
requiring recurrent ICD shocks despite antiarrhythmic medications, and five with structurally normal hearts.

Results:  All patients underwent successful procedures targeting their VAs with conjoint Rhythmia™ mapping and Stereotaxis™ RMN.  No 
complications occurred.  Over a follow up period ranging between 2 - 25 months (average of 9 ± 6 months), one SHD patient received a single 
shock for VF.  No sustained VAs were recorded in the other SHD patients. No patients with normal hearts had VA recurrence.

Conclusions:  Conjoint use of Stereotaxis™ RMN and Rhythmia™ to treat VAs in patients with and without SHD is technically feasible and 
in our ten patient series, was safe and effective.
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With this background, we sought to explore the possibility of conjoint 
utilization of high density Rhythmia™ mapping with Stereotaxis™ 
specifically for the remote magnetic ablation of VAs.

 
Methods
Patient enrollment

Ten consecutive patients to have ablation of their VAs with the 
conjoint use of Stereotaxis™ RMN and Rhythmia™ high density 
mapping were evaluated.  This study was performed with approval of 
the IRB at Baptist Hospital Lexington.  All patients provided written 
informed consent.  The procedures were performed by one of two 
operators.  The patients were referred for clinical evaluation to our 
arrhythmia clinic and deemed appropriate for catheter ablation of their 
VAs by one or both of the operators. 

The patients in the study were approached in two different ways 
depending upon their cardiac substrate: patients 1,4,5,6 and 7 had 
significant structural heart disease (SHD) and were included in the 
structural heart disease group, whereas patients 2,3,8,9 and 10 did not 
and were included in the normal heart group (Table 1).

Patients in the SHD group all had significant arrhythmia recurrence 
despite antiarrhythmic drug therapy. Patients in this group were 
scheduled with general anesthesia as is our routine clinical practice.  

Patients in the normal heart group all had highly symptomatic 
recurrent PVCs and/or ventricular tachycardia that were refractory 
or intolerant to medical therapy. Patients in this group had their 
procedures performed with moderate sedation.  

For all patients in the study, antiarrhythmic medications were 
discontinued 3 days prior to the procedure or, in the case of amiodarone, 
90 days prior to the procedure, as per our standard clinical practice.  
Anticoagulants were held prior to the procedure and continued post 

procedure at the discretion of the operator. 

Procedural details
All procedures were performed at Baptist Lexington Hospital in the 

EP laboratory equipped with Stereotaxis™.  After receiving anesthesia, 
patients were prepared and draped in routine sterile fashion.  Unilateral 
or bilateral femoral vascular access was obtained based upon operator 
discretion.  Vascular access was obtained using ultrasound and the 
standard Seldinger technique.  All patients immediately after vascular 
access were given an intravenous heparin bolus of 150 units per kilogram 
followed by a continuous infusion of 50 units per kilogram per hour.  
Heparin infusion rates were adjusted to target an activated clotting 
time between 350 and 400 seconds per our institutional nomogram. A 
woven JSN penta-polar electrophysiology catheter (Boston Scientific, 
Natick, MA) was placed at the apex of the right ventricle.  Four of 
the electrodes on this catheter are located at the distal portion of the 
catheter and allow for pacing and recording of the right ventricle.  
The fifth electrode is more proximal, lying typically in the inferior 
vena cava when the tip of the catheter is in the right ventricle.  This 
fifth electrode was utilized as a unipolar reference for the Rhythmia™ 
system (rather than Wilson’s central terminal).  Care was taken to 
ensure that this catheter remained stable throughout the procedure.  
Intracardiac and surface signals were recorded using the CardioLab 
recording system (GE, Milwaukee, WI).  Intracardiac signals were 
band pass filtered (10-400 Hz). Cardiac stimulation was performed 
with a Bloom stimulator (Fischer Medical, Wheat Ridge, Colorado).  
An 8 French phased array intra-cardiac echocardiography probe (ICE) 
was used for all cases (Siemens, Germany).  The ICE catheter was used 
throughout the procedure to monitor catheter position with respect 
to critical anatomy (such as the coronary cusps, coronary artery ostia, 
etc), assess intermittently for complications such as pericardial effusion, 
and to assist with transseptal puncture if necessary.  Mapping was 
performed exclusively with the Rhythmia mapping system and the 
Orion 64 electrode electrophysiology catheter (Boston Scientific, 
Natick, MA).  A 3.5 mm non-Nav Celsius RMT Thermocool open-
irrigated tip ablation catheter was used for all ablation ( J&J, Irvine, CA, 
Biosense Webster catalog CR7TCSIRT).  Transseptal punctures were 
performed with braided deflectable sheaths and a BRK needle (Agilis, 
Abbott Medical, St Paul, MN).  Femoral arterial access for mapping 
of the left ventricle with the Orion catheter was obtained with a 8.5 
French short sheath.  In one patient, ablation was performed in the 
right coronary cusp with the use of a LAMP sheath (Abbott Medical, 
St Paul, MN) placed into the ascending aorta via the right common 
femoral artery. In a separate single patient, epicardial mapping was 
performed after percutaneous pericardial access was obtained with a 
Touhy needle (Codman Inc, Rayham, MA), a short 9 French sheath 
and standard methods for percutaneous pericardial access.31 Patients 
who received general anesthesia had continuous intra-arterial blood 
pressure monitoring via the left radial artery or left common femoral 
arterial line.

Rhythmia™ uses a hybrid of magnetic and impedance location 
technologies.  A magnetic field generator is located under the procedure 
table.  Magnetic tracking is achieved with this magnetic field generator 
in combination with a back patch and a catheter equipped with a 
proprietary magnetic location sensor.  Impedance tracking is achieved 
via ECG leads RA, LA, LL, V1, V3, and V6 and an impedance reference 

Figure 1:
Schematic of connections between Rhythmia, Smart Ablate 
Connection box, Smart Ablate RF generator and Thermocool 
RMT ablation catheter

A pair of Boston Scientific D130302 cables is required to connect both the Thermocool RMT 
catheter and the SmartAblate RF generator to the Boston Scientific manufactured SmartAblate 
Connection box.
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Figure 2a and 2b: Patient 4, a 72 year old male with ischemic cardiomyopathy and recurrent ICD therapy.

This left ventricular endocardial map was obtained during right ventricular pacing.  Lumipoint areas indicating late potentials are highlighted and overlaid on voltage mapping (> 1.5 mV indicated as purple, 
< 0.5 mV indicated as red, abnormal voltage as a gradient colors, see color bar scheme top right).  The electrograms on the right side of the figures were recorded with the Orion catheter at the location 
indicated and the virtual roving catheter at approximately  10 o’clock.  The light blue markers with dark blue core indicate ablation locations.   
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within the body, which for this study was the tip of the RV catheter. 
Rhythmia™ is able to track catheters that are not equipped with a 
proprietary magnetic location sensor, such as the Thermocool RMT.  
This feature first requires that an impedance field map is generated for 
each chamber mapped by a catheter equipped with a magnetic location 
sensor.  The Orion catheter was first used to simultaneously generate 
an anatomic shell, perform voltage mapping and, when applicable, an 
activation map of the VA, all-the-while generating the impedance 
field map required for subsequent visualization and tracking of the 
ablation catheter. 

The Stereotaxis™ rare earth magnetics by nature cannot be “de-
activated,” however in the “stowed” position, pivoted away from 
the patient, the magnetic field generated by Stereotaxis™ does not 
interfere with Rhythmia’s magnetic navigation.  Impedance tracking is 
unencumbered by the magnets.  Workflow for all patients in this study 
was such that mapping was performed first with the Orion catheter 
with the magnets positioned in the “stowed” position.  After mapping 
was complete, the ablation phase of the procedure commenced; the 
Orion catheter was removed from the chamber being targeted in favor 
of the ablation catheter, the magnets were moved in the “navigate” 
position and magnetic catheter navigation was commenced by the 
operator in the control room.

Integration of Rhythmia with Stereotaxis
Video output from Rhythmia™ was sent to the Stereotaxis 

Odyssey monitor via fiber optic cable. This permitted the map and 
all information displayed on the Rhythmia™ workstation to be 
duplicated in a separate window within the Odyssey workstation, 
alongside fluoroscopy, recording system data, ICE images, etc.  Both the 
operator and mapping specialist retained control over Rhythmia™ via 
a duplicate wireless keyboard and mouse at the Odyssey workstation. 
A pair of SmartAblate connection cables (Boston Scientific, catalog 
number D130302 ) connected the Rhythmia™ CPU,  the Rhythmia™ 
SmartAblate connection box, the Thermocool ablation catheter and 
the SmartAblate RF generator (Biosense Webster) (Figure 1). The 
Rhythmia™ system was connected to the recording system in the 
usual fashion.

Mapping and Ablation
An electrophysiology study was performed in all patients using 

standard protocols. The SHD group patients had procedural endpoints 
of the elimination of all LPs in areas of abnormal voltage as well 
as homogenization of areas of scar.  Scar was defined as less than 
0.5mV. Normal tissue was defined as greater than 1.5 mV.  Abnormal 
tissue was defined as having voltage of less than 1.5 mV but greater 
than 0.5mV.  Protocols specifically intended to induce ventricular 
tachycardia were not performed. The focus of ablation was substrate 
modification. Mapping was performed with obligate pacing from 
the RV to elucidate LPs.28 LPs were defined as bipolar electrograms 
inscribed after the end of the surface QRS complex, separated by an 
isoelectric interval prior to the local ventricular electrogram. Voltage 
maps were analyzed using the Rhythmia Lumipoint™ algorithm to 
filter for LPs. This algorithm allowed the operator to highlight areas 
with LPs and view areas with LPs as a highlighted overlay on the 
voltage map.  Areas of abnormal voltage that contained LPs as revealed 
by Lumipoint™ were then manually confirmed by the operators and 

subsequently targeted for ablation.  Activation during ventricular paced 
rhythm was carefully analyzed for regions of anisotropic conduction, 
slowed conduction and isochronal crowding. When present in regions 
of abnormal voltage, these areas were targeted for ablation. When 
areas targeted for ablation were adjacent to dense scar, ablation was 
extended to create a contiguous ablation lesion set with the goal of the 
elimination of possible reentrant corridors.

The patients in the normal heart group underwent activation mapping 
of their clinical VAs.  Sedation was kept at a minimum to ensure patient 
comfort and to maximize the occurrence of VAs.  IV isoproterenol was 
titrated up to 10 mcg/kg/minute, as needed, to elicit and map clinical 
VAs.  The activation timing reference was determined by operator 
preference.  The VA site of origin (SOO), defined as the earliest bipolar 
activation with EGM bipolar activation at least 15 milliseconds earlier 
than the earliest surface QRS onset and QS unipolar morphology, was 
targeted for ablation. The initial chamber mapped was the chamber 
thought to be most likely chamber of origin based upon 12 lead ECG 
VA characteristics.32-33 If the earliest bipolar EGM onset did not 
precede the earliest QRS onset by at least 15 milliseconds, or if the 
apparent SOO displayed on the map was not discrete, adjacent cardiac 
chambers were then mapped. All chambers mapped were displayed 
simultaneously on the Rhythmia mapping system. The clinical endpoint 
of ablation was non-inducibility of clinical VAs with isoproterenol 
infusion and ventricular pacing induction attempts.   

For both groups of patients, ablation power was initially set at 30 
Watts and titrated to 50 Watts while monitoring the ablation catheter 
impedance. Radiofrequency (RF) applications were up to 30 seconds 
in duration. In the event of a brisk drop in impedance of 15 Ohms 
or greater, RF applications were immediately discontinued.  All 
ablation was power controlled with a temperature maximum of 45 
degrees Celsius. RF application sites were assessed after ablation at 
each location with pacing from the ablation catheter distal bipole. RF 
applications were repeated if the pacing at 2.5 V at 20 milliseconds 
pulse width resulted in capture.  If after three applications local capture 
was still achieved, no further ablation was given at this location and 
the catheter was moved elsewhere. Prior to the initiation of ablation, 
catheter to tissue contact was assessed via monitoring impedance 
stability and curvature of the catheter shaft on fluoroscopy as needed.

At the end of the procedure, hemostasis was achieved with Vascade 
closure devices (Cardiva Medical, Santa Clara, California) for all venous 
access and arterial access less than 6 French.  Heparin was reversed with 
100 mg of intravenous protamine. Perclose closure devices (Abbott, St. 
Paul, MN) were used for arterial access greater than 6 French.

Results
Ten patients (8 men, 2 women) ranging in age from 30 to 75 years 

were included in the study (mean age of 59 ± 13 years). Patient 1 was 
initially admitted for recurrent VT and underwent his procedure as 
an inpatient. Patients 2 through 10 had their procedures performed 
electively as outpatients. The average weight was 92.7 ± 9.2 kg 
corresponding to an average body mass index of 30.2 ± 3.3.  Patients 5 
and 9 had undergone prior unsuccessful ablation procedures at outside 
institutions (Table 1).
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The patients underwent endocardial left ventricular mapping via 
a transseptal approach for both the Orion mapping and ablation 
catheters.  Additionally, patient 1 underwent epicardial mapping with 
the Orion mapping catheter only.  For this patient, no significant 
abnormal epicardial substrate was found and no epicardial ablation 
was performed.  Patients 5, 6 and 7 additionally underwent LV 
mapping with the Orion catheter via a retrograde aortic approach after 
transseptal mapping. In these three patients, this retrograde approach 
was performed to aid with mapping of the left ventricular outflow 
tract and the left ventricular aspect of the atrio-ventricular septum. 
The average total procedure time for this group was 244 ± 37 min. The 
average radiation exposure was 38 ± 23 mGy over an average of 12 ± 4 

Structural Heart Disease Group
Patients (1,4,5,6 and 7) had clinical VAs that were recurrent, unstable, 

associated with syncope or hemodynamic compromise and ICD 
therapies. Patient 1 was naive to antiarrhythmic medications at the 
time of his ablation.  The other four patients had ICD therapies despite 
antiarrhythmic drug therapy.  Patient 1 had a combined nonischemic 
and ischemic cardiomyopathy.  Patients 4 (Figure 2), 5 and 7 had 
ischemic cardiomyopathy with previous coronary artery bypass graft 
surgery.  Patient 6 had a nonischemic cardiomyopathy (Figure 3).  The 
average left ventricular ejection fraction (LVEF) was 31 ± 4% and the 
average left ventricular end diastolic dimension (LVEDV) was 5.8 ± 
0.2 cm.  All patients were NYHA class II or III. 

Figure 3: Patient 6 is a 52 year old male with nonischemic cardiomyopathy and recurrent ICD therapy.

This left ventricular endocardial map was obtained during right ventricular pacing. Right anterior oblique (panels a and b) and left lateral cranial views (panels c and d; both with and without grey with 
black core ablation markers) are presented.  Lumipoint areas indicating late potentials are highlighted and overlaid on voltage mapping (> 1.5 mV indicated as purple, < 0.5 mV indicated as red, abnormal 
voltage as a gradient colors, see color bar scheme top right).
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The average total procedure time for this group was 153 ± 22 min. 
The average radiation exposure was 63 ± 37 mGy over an average of 9 
± 4 min.  Mapping time averaged 18 ± 6 min and the average number 
of electrogram points included in the LV maps were 1459 ± 492.  

Clinical Endpoints for All Patients
 All patients successfully met the clinical procedural endpoints.  No 

complications occurred. The duration of procedural follow up ranged 
between 2-25 months with an average of 9 ± 6 months.  Patient 4 had 
an ICD shock 6 months post procedure for ventricular fibrillation 
occurring during sleep. The other four ICD patients had no ventricular 
arrhythmia stored events. The normal heart patients had no VA 
recurrence. 

Discussion
To our knowledge, this retrospective cohort study is the first to 

describe a clinical experience of the conjoint use of the high density 
cardiac mapping system Rhythmia™ with Stereotaxis™ remote 
magnetic navigation for the ablation of VAs. There has been a case 
report of ablation of AV nodal reentry tachycardia in a single patient 
with Rhythmia™ and Stereotaxis™.34  Use of Stereotaxis™ magnetic 
navigation with the Rhythmia™ mapping system has been both safe 
and effective in our experience.  The reason to integrate the two systems 
was to yield the simultaneous benefit of high density mapping of VAs 
and remote magnetic catheter navigation and ablation.  Indeed this 
was achievable after careful consideration and management of the 
following issues:

1) The logistics of connecting the hardware of the Rhythmia™ 
system, Stereotaxis™ system including the Odyssey monitor, RF 
generator, and ablation catheter.

minutes.  Mapping time averaged 44 ± 15 min and the average number 
of electrogram points included in the LV maps were 5,963 ± 2075.

Normal Heart Group
Patients (2,3,8, 9 and 10) had either clinical isolated unimorphic 

PVCs, ventricular tachycardia, or both.  All patients had failed at least 
oral beta-blocker therapy and/or had significant VAs breakthrough 
despite antiarrhythmic meds.  All antiarrhythmic medications were 
discontinued post procedure. The average LVEF was 58 ± 8% and the 
average LVEDV was 4.8 ± 0.4 cm.

Patient 2 had a PVC burden of 24% and a LVEF of 45%. A cardiac 
MRI demonstrated no delayed enhancement. The patient’s VA was 
successfully ablated at a discrete LV endocardial site consistent with 
an idiopathic left posterior fasicular SOO.  30 days post PVC ablation, 
the LVEF had normalized to 65%. 

Patient 3 had a PVC burden of 10%.  Mapping of the RV outflow 
tract demonstrated no suitable sites for ablation.  Using the retrograde 
aortic approach, the VA was successfully ablated at the right coronary 
cusp (Figure 4). 

Patient 8 had a PVC burden of 22% and a LVEF of 52% along with 
a small and discrete area of delayed enhancement by cardiac MRI.  The 
SOO was determined to be the inferior and basal aspect of the right 
ventricle and the VA was successful ablated.    LVEF improved to 60% 
on follow up echocardiogram.

Patients 9 and 10 had a PVC burden of 14% and 17.5% respectively 
and normal LVEFs.  Successful ablation of the RV outflow track and 
along the tricuspid valve annulus approximately 2 cm inferior to the 
location of the His bundle was performed.   

Figure 4: Patient 3 is a 68 year old female with a structurally normal heart and a recurrent PVC mapped and ablated in the right coronary cusp 
of the aortic value.
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include follow up data not assessed routinely in clinical follow up such 
as post ablation MRI lesion assessment and standardized long term 
arrhythmia monitoring, among others.  Additionally a prospective 
randomized study would potentially be able to standardize ICD 
monitoring zones, antiarrhythmic drug post procedure management, 
and likely afford longer follow up. Patient quality of life of assessment 
would also be valuable clinical data in a future study. 

The currently available Thermcool RMT catheter is a design 
that is many years old.  Newer magnetic ablation catheter designs 
with potentially improved agility, endocardial contact force, and 
more modern energy delivery may offer incremental clinical benefit 
to patients.  Ideally new ablation catheter designs would allow for 
magnetic enabled navigation with Rhythmia™ while minimizing field 
distortion of rare earth magnets of Stereotaxis™.  It remains to be seen 
if and how this may be achieved.  

Conclusion
In summary, we publish this paper to describe our nascent experience 

with high density mapping of VAs with Stereotaxis™ remote magnetic 
catheter ablation.   Our hope is that our experience will serve as a 
nidus for the publication of additional data, collaboration between 
Stereotaxis™, Rhythmia™ and indeed potentially other mapping 
solutions that will provide complete integration of systems.

Please Click for Table 1
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