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Introduction
Atrial fibrillation (AF) is the most common cardiac arrhythmia with 

a reported adult prevalence between 2 and 4%1. Due to the increasing 
life expectancy and growing incidence of risk factors of AF, a 2.3 fold 
rise of the AF burden is expected the next decades1-3. Furthermore, AF 
has a progressive disease course which is characterized by progressive 
structural atrial remodeling and worsening atrial cardiomyopathy 
during the transition of a paroxysmal to persistent state4, 5.

Early rhythm control interventions such as catheter ablation (CA) 
offer an opportunity to halt the progressive anatomical changes 
associated with AF6. Therefore, CA is considered a first-choice 
treatment option for symptomatic patients with AF, especially once 
treatment with anti-arrhythmic drugs (AAD) has failed1. A pivotal 

part of any AF ablative strategy is the electrical isolation of the 
pulmonary veins (PVs)7, which can be achieved by multiple ablation 
techniques. These include manual point-by-point radiofrequency (RF) 
ablation and manual ablation using single-shot devices such as the 
cryoballoon1, 8, 9. Long-term recurrence rates and adverse events were 
comparable between these two techniques, whereas cryoablation had a 
slightly shorter procedure time, but higher fluoroscopy exposure, when 
compared to manual point-by-point RF ablation8, 9.

Remote magnetic navigation (RMN)-guided ablation provides an 
alternative RF CA strategy. In RMN, two external permanent magnets 
are utilized to remotely direct the movement of the ablation catheter 
by magnetic fields.10 Various publications reported on the benefits 
of RMN due to precision of catheter movement, its soft tip and its 
stability, causing superior lesion formation11 and improved procedural 
safety12-14. In addition, RMN exhibited significant improvement of 
procedural efficiency in AF ablation during the last years15. Because 
of the expanding AF pandemic, there is need for highly efficient 
and effective ablation strategies. Therefore, we present a novel, rapid, 
effective and minimally-invasive RMN-guided CA strategy for PVI.
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Abstract
Background: Atrial fibrillation (AF) is the most common cardiac arrhythmia for which catheter ablation (CA) is considered a first-choice 

treatment option. Because of the expanding AF pandemic, there is need for highly efficient and effective CA strategies. Pulmonary vein 
isolation (PVI) is a  pivotal part of any AF ablative strategy. Currently, multiple ablation techniques are being utilized to realize PVI, including 
Remote Magnetic Navigation (RMN) guided radiofrequency (RF) ablation. This study aimed to systematically describe and evaluate a novel, 
minimally-invasive RMN-guided PVI strategy.

 
Methods: This study retrospectively included a series of consecutive patients diagnosed with AF who were treated with a novel minimally-

invasive RMN-guided PVI strategy between September 2020 and March 2021. Primary outcomes were both procedural efficiency (i.e. LA 
access time, mapping time, procedure time) and efficacy (first-pass isolation (FPI) and acute success rates). 

Results: This case series included 14 patients. Efficiency outcomes: The mean total procedure time was 63.1 ± 13.5 minutes. LA access 
time was 6.5±1.9 minutes. Mapping was completed in 7.1±1.4 minutes. Efficacy outcomes: We observed a 100% FPI rate in right-sided 
and a 57% FPI rate in left-sided PVs. In all cases there was successful PV isolation at the end of procedure. There were no adverse events.

Conclusion: In conclusion, a novel, minimally-invasive RMN guided PVI strategy yields high efficiency, with short procedure and fluoroscopy 
times, in addition to efficacious PVI.
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Methods
Design and population

This case series retrospectively included patients diagnosed with AF 
who were treated with our novel minimally-invasive RMN-guided 
pulmonary vein isolation (PVI) strategy. Patients were included 
between the 1st of September 2020 and the 30th of March 2021. Redo 
procedures were excluded. All patients were eligible for AF ablation 
based on the current ESC Guideline recommendations1. Primary 
outcomes were both procedural efficiency and efficacy. Procedural 
efficiency was characterized by the following parameters: total 
procedure time, time to left atrial (LA) access, total mapping time, total 
ablation time. Efficacy parameters included: first pass isolation rates, 
touch up (TU) rates, acute procedure success (i.e. successful isolation 
of all PVs at the end of procedure) and AF recurrence rates during 
follow-up. Patients were included from a single, high-volume CA 
center. Because of the large appliance of adjunctive therapies, as well 
as participation in other studies of this center, only a few patients were 

initially selected to be treated by this novel ablation approach. The study 
protocol conforms to the ethical guidelines of the 1975 Declaration 
of Helsinki. The local medical ethics committee determined this 
study protocol (as part of the Safety and Efficacy Registry of Catheter 
Ablation registry - SERCA2 - MEC number 2021-029I) was not 
subject to the Dutch Medical Research Involving Human Subjects Act 
(WMO).Written informed consent was obtained from all the patients 
prior to the ablation procedure.

Data collection
Baseline demographic and clinical characteristics were collected from 

the institutional electronic patient dossier. Procedural data was derived 
both from the electronic medical files, as well as from the electronic 
procedural log files recorded with the Claris (Abbot, St. Paul, MN, 
USA) and Odyssey Cinema (Stereotaxis Inc., St. Louis MO, USA) 
systems. All patient information was de-identified.

Figure 1: Carto 3-D image of completed PVI

This figure displays the Carto 3-D images of one of the patients included in this study at the end of the procedure. At the left panel a postero-anterior view of the LA is presented. The Ablation History 
feature shows the applied therapy of the left-sided and right-sided WACA lines in yellow-orange. The ablation catheter is in good contact with myocardial tissue, as is displayed to the operator by a dense 
blue starburst at the catheter tip. 
LA: left atrium, PVI: pulmonary vein isolation, WACA: wide area circumferential ablation
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Novel Minimally-Invasive PVI strategy
Pre-operatively, PV anatomy was evaluated in all patients with a 

CT-scan, as well as evaluation of presence of an intra-cardiac thrombus 
by trans-esophageal echocardiography (TEE). All procedures were 
performed under general anesthesia. The procedure started with a 
single groin, double puncture to obtain vascular access. Then, two 8.5 
Fr sheaths were placed in the right femoral vein. Subsequently TEE 
guided transseptal puncture (TSP) was performed, using an EP Swartz 
SL1 sheath (Abbott, Chicago, IL, USA) and an NRG transseptal 
needle (Baylis Medical, Mississauga, Canada). In this case series we 
did not use ICE-guidance for TSP. Passive recrossing of the intra-
atrial septum was performed using the Agilis 8.5Fr NTX medium curl 
sheath (Abbott) and a flexible wire, to obtain double transseptal LA 
access. A 20-electrode Lasso 2515 variable mapping catheter (Biosense 
Webster, Diamond Bar, CA, USA) and the ablation catheter (via the 
Agilis sheath) were advanced into the LA subsequently. We did not 
position any other diagnostic catheters, not even in the coronary sinus. 

Anatomic FAM/CARTO mapping of the body of the LA was 
performed sweeping the Lasso catheter around the LA. Once the map of 
the body of the LA (low FAM resolution) was created, all side branches 
of all PVs in the LA were mapped more in-detail using the ablation 

catheter (switched to high FAM resolution > 15). After completion of 
mapping, PVI was performed by wide-area-circumferential-ablation 
(WACA) of the PVs. At first ablation of both left-sided PVs was 
performed until successful isolation, followed by isolation of both 
right-sided PVs, or vice versa. The WACA’s were applied using relatively 
high power settings, with continuous dragging of the ablation catheter 
while ablating. Catheter positioning was constantly optimized using 
real-time feedback provided by the ‘Ablation History’ and ‘e-Contact 
Module’ (ECM). RMT specific power settings were: posterior wall-
45 W, flow 17ml/min, maximum 430C; other LA locations- 50 W, 
flow 17ml/min, maximum 430C. When the PV encirclement (i.e. 
completion of the WACA-line) did not result in successful isolation 
of the PVs, additional TU’s were performed until PV isolation. After 
successful isolation of both left- and right-sided PVs, a standard of ten 
minutes waiting time was applied to identify early PV reconnection. 
Sheaths and catheters were removed when there was complete electrical 
isolation of all PVsat the end of the waiting time. The Niobe ES Remote 
Magnetic Navigation system (Stereotaxis, St Louis, MO, USA), the 
CARTO (Biosense Webster, Diamond Bar, CA, USA) mapping system 
and the Navistar RMT Thermocool catheter (Biosense Webster) were 
used in all cases. All procedures were performed by a single operator.

The Ablation History
Ablation History provides a 3-dimensional visual display of 

the history of the catheter’s power output and duration of energy 
application at each location at the Carto map during the ablation. 
Based on the applied Watt*s at every location, targets are colored yellow 
(short application duration and/or low power applied) to orange (long 
application duration and/or high power applied) on the 3D Carto 
screen (Figure 1). This is real-time visualized to the operator while 
ablating. Post-procedurally, we were able to calculate and evaluate the 
applied therapy from the ablation history data. Based on the location of 
the applications as visualized in the ablation history, ablation lines were 
drawn for both WACA lines. Each WACA ablation line is smoothed by 
using a moving average of the original line points within +/- 4mm. A 
square with dimensions 10x10mm is swept across the ablation line with 
0.5mm steps; at each step the square is centered on the smoothed line, 
oriented so the squares normal points in the direction of the smoothed 
line. Each 1mm cubical voxel intersected by the square is sampled to 
find the maximum Watt*s value of the square on that position. The 
average Watt*s of each WACA line is then calculated by averaging the 
maximum Watt*s values across the line.

The e-Contact Module
The e-Contact Module (ECM) is a hardware and software module 

compatible with the Niobe ES RMN system, that incorporates 
16 variables of three categories (including: electrical impedance 
measurements, cardiac induced motion of the tip, and the torque being 
applied by the magnetic field) to determine whether the RMN-guided 
catheter is in contact with cardiac tissue or not. The characteristics of 
the ECM have previously been described more in-detail16.The contact 
assessment is real-time visualized to the user as a starburst near the 
catheter tip. When there is minimally contact, the starburst is small, 
whereas in optimal contact the starburst is bold (Figure 1). This allows 
the operator to constantly optimize catheter contact while ablating. 

Table 1: Baseline demographic and clinical data

All Patients (N = 14)

Age (years) 56.5 ±11.5

Female 4 (28.6%)

BMI (kg/m2) 27.9 ± 2.6

Paroxysmal AF 10 (71.4%)

Hypertension 8 (57.1%)

Diabetes Mellitus 1 (7.1%)

Heart failure 2 (14.3%)

Ischemic heart disease 1 (7.1%)

HCM 2 (14.3%)

OSAS 1 (7.1%)

CVA / TIA 0 (0.0%)

Pulmonary embolism 1 (7.1%)

CHA2DS2-VASc 0 4 (28.6%)

CHA2DS2-VASc 1 1 (7.1%)

CHA2DS2-VASc ≥2 9 (64.3%)

Beta-blocker 8 (57.1%)

Amiodarone 1 (7.1%)

Flecainide 3 (21.4%)

Sotalol 3 (21.4%)

Verapamil 1 (7.1%)

Ritmoforine 1 (7.1%)

DOAC 14 (100.0%)

LV EF ≥55% 10 (71.4%)

LV EF 45 - 54% 4 (28.6%)

LAVI (ml/m2) 39.7 ± 10.5

AF: atrial fibrillation, BMI: body mass index, CVA: cerebrovascular accident, DOAC: direct-acting 
oral anticoagulant,EF: ejection fraction, HCM: hypertrophic cardiomyopathy, LAVI: left atrial volume 
indexed to body surface area, LV: left ventricular, OSAS: obstructive sleep apnea syndrome, TIA: 
transient ischemic attack
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13.5 minutes.The fluoroscopy time was 12.0 ± 3.8 minutes, with a mean 
dosage of 105.4 ± 33.6 mGy being applied.

Procedural Efficacy and Safety
In left-sided PVs, FPI was observed in 57.1% of cases, whereas a 

100.0% FPI rate was noted regarding right-sided WACA’s. Early PV 
reconnection was observed in 2 patients (14.3%), for which additional 
applications resulted in complete PV isolation at the end of procedure. 
A 100.0% acute success rate was observed. The Ablation Haistory data 
showed that the mean applied therapy at left-sided WACA was 341.27 
± 208.3 W*s. Regarding right-sided WACA’s the mean therapy applied 
was 305.6 ± 195.1 W*s. 

At a mean follow-up of 6.7 months, 80.0% of patients were free 
from paroxysmal AF recurrence. This study included few patients with 
persistent AF, in which AF recurrence was more frequently observed (2 
out of 4 patients; 50.0%). No peri-procedural adverse events occurred 
in this study. During follow-up, one patient had a mildly elevated 
right-sided hemidiaphragm possibly caused by phrenic nerve injury. 

Discussion
This series of cases presents a novel, minimally-invasive ablation 

strategy for RMN-guided PVI. Our main finding is that this approach 
resulted in a highly efficient procedures, in addition to quasi perfect 
acute efficacy and, regarding paroxysmal AF, respectable 6-month 
recurrence rates.

Procedural Efficiency
In this series of cases, a novel, very efficient RMN-guided PVI 

strategy is demonstrated with a procedure time just above one hour. 
Previously, several large meta-analysis reported much longer procedure 
times, ranging from 112 to 276 minutes17-19. Cryoballoon utilization had 
a slight advantage on the total procedure time compared to point-by-
point RF guided PVI8, 9, 17-19. A recently published, global cryoablation 
AF registry – including almost 3000 patients – reported an improved 
mean procedure time of 82 minutes20. Procedure times observed in this 
study, are considerably lower than any of the reported major trials in 
literature. We attribute the improved procedural efficiency to several 
developments in our procedural set-up as well as our ablation strategy. 
First of all, we used a minimally invasive approach employing double 
puncture of a single groin, using only two sheaths and catheters. In 
this manner, double transseptal access was achieved well within 10 
minutes. Second, mapping was advanced by the use of a 20-electrode 
Lasso catheter to create a general map of the LA body, which has the 

Definitions
Total procedure time was defined as the time from first puncture until 

the removal of sheaths. LA access time was defined as the time from 
first groin puncture until double transseptal LA access was achieved. 
The mapping time was described by the time from first mapping point 
taken until completion of the map, whereas ablation time was defined 
as the time from first RF application until last RF application. First 
pass isolation (FPI) was regarded when completion of the WACA-
line resulted in successful PV isolation. If this first encirclement of 
PVs did not result in isolation of the PV, additional applications 
were regarded TU. Acute procedure success was regarded when there 
was complete electrical isolation of all PVs at the end of procedure, 
to be demonstrated by either: entry block or exit block of paced or 
spontaneous beats or exit block of PV ectopy.

Statistical analysis
Normality was assessed by the Shapiro-Wilk test. Mean and standard 

deviation(SD) were calculated for normally distributed continuous 
variables. Median and interquartile range (IQR) were computed 
for continuous variables with non-normal distribution. Descriptive 
statistics for categorical data were expressed in absolute numbers 
and percentages. The data was analyzed using SPSS 26.0 (SPSS Inc., 
Chicago, IL, USA).

Results
Baseline Demographic and Clinical data

In total, 14 consecutive patients were included into this analysis using 
the novel ablation strategy within the mentioned time frame. Baseline 
demographic and clinical data is presented in Table 1. Patients had a 
mean age of 56.5 ± 11.5 years and mean body mass index (BMI) of 
27.9 ± 2.6 kg/m2. The majority of patients had paroxysmal AF (78.6%) 
and used various types of AAD as rhythm control treatment strategy. 
Most patients had a normal left ventricular (LV) ejection fraction (EF) 
(71.4%) and mild LA dilatation (mean LAVI 39.7 ± 10.5 ml/m2).

Procedural Efficiency
The mean time from groin puncture to double transseptal access (LA 

access time) was 6.5 ± 1.9 minutes. Mapping was completed in 7.1 ± 
1.4 minutes. The ablation part of the procedure took 33.7 ± 9.1 minutes, 
with an average of 15 ± 5 applications and application duration of 1137 
± 186 seconds. This resulted in a mean total procedure time of 63.1 ± 

Table 3: Procedural Efficacy

All Patients (N = 14)

FPI left WACA 8 (57.1%)

TU left WACA 6 (42.9%)

FPI right WACA 14 (100.0%)

TU right WACA 0 (0.0%)

Intraprocedural PV reconnection with reablation 2 (14.3%)

Acute success 14 (100.0%)

Freedom of Paroxysmal AF* 8 out of 10 (80.0%)

* at a mean follow-up duration of 6.7 months
FPI: first pass isolation, PV: pulmonary vein, TU: touch-up, WACA: wide area circumferential ablation

Table 2: Procedural Efficiency

All Patients (N = 14)

LA access time (min) 6.5 ± 1.9

Mapping time (min) 7.1 ± 1.4

Ablation time (min) 33.7 ± 9.1

Total procedure time (min) 63.1 ± 13.5

Fluoroscopy time (min) 12.0 ± 3.8

Fluoroscopy dose (mGy) 105.4 ± 33.6

DAP (mGy*cm2) 8565 ± 2215

Application duration (s) 1137 ± 186

Application count 15 ± 5

DAP: dose area product, LA: left atrium
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advantage of assembling multiple mapping points while it is swept 
across the LA. Third, the standard 30 minutes of waiting time to identify 
early PV reconnection were reduced to 10 minutes. Intraprocedural 
testing for PV reconnection with a 30 min waiting phase, ATP testing, 
or a combination of both did not improve freedom from AF at 3 years 
of follow-up in a randomized trial21. In addition to the changes in 
procedural set-up, the ablation strategy itself was improved. Real-
time feedback on catheter position, tip-tissue contact (provided by the 
ECM) and the applied therapy (provided by the Ablation History), 
enabled comfortable moving of the catheter without the need of 
fluoroscopy confirmation of catheter position. This saved both time and 
fluoroscopy exposure. This is illustrated by a lower mean fluoroscopy 
time in our case series, compared to fluoroscopy times ranging 17-61 
minutes in literature17-20. Furthermore, continuous dragging of the 
catheter with high power settings results in homogeneous WACA 
lines with increased lesion continuity. This is illustrated by the high 
first pass isolation rates observed in the current study. High first pass 
isolation rates prevent excessive time being spent to identify gaps in 
the line, which again contributes to procedural efficiency. The observed 
paroxysmal AF 6-month efficacy is comparable with literature20, which 
in our opinion is an affirmation of the quality of our ablation strategy. 
Inclusion numbers of patients with persistent AF were too small in 
the current study for fair conclusions. Future comparative studies are 
needed to clearly define the impact of our novel RMN guided PVI 
strategy on procedural and long-term outcomes, however, we believe 
this series of cases illustrates promising results.

High power short duration
While conventional settings during RF ablation involve applying 

low power for long times, a new setting based on high power and short 
duration has recently been suggested as safer and more effective22-25.
Overall, high-power short-duration lesions were significantly wider and 
of similar depth compared to standard settings22. These characteristics 
are most beneficial in PVI due to increased lesion-to-lesion uniformity 
and linear continuity, given the larger lesion diameter. The high power 
settings used in the current study contributed to efficient PVI and 
appeared to be safe, as we did not observe any adverse events. Whether 
high power settings result in improved long-term AF recurrence rates 
should be the focus of future research.

Conclusion
A novel, minimally-invasive RMN guided PVI strategy yields high 

efficiency, with short procedure and fluoroscopy times, in addition to 
efficacious PVI.
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