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Introduction
Atrial fibrillation (AF) is the most common sustained arrhythmia, 

and it is associated with increased mortality and morbidity rates1. 
Catheter ablation (CA), as treatment option, showed superiority 
over medical therapy in maintenance of sinus rhythm2. However, the 
expanding indication necessitates additional technical enhancements 
in order to achieve efficient CA with further improved long-term 
results, especially in patients with persistent atrial fibrillation and 

in patients with failed first CA 3, 4. The remote magnetic navigation 
(RMN) guided approach previously demonstrated feasibility in CA of 
AF5, 6. Furthermore, its atraumatic catheter design has a superior safety 
profile with exceptional navigation capabilities7-11.

Heretofore, only the CARTO 3 (Biosense-Webster Inc, Diamond 
Bar, CA, USA) mapping system was fully integrated in the RMN 
system (Niobe ES, Stereotax is, St. Louis, MO, USA) allowing mapping 
of complex arrhythmias. The newest version of the CARTO system 
incorporates a panoramic mapping system, which was designed to 
identify AF drivers, however it is not integrated in the RMN system. 
Recently, a novel high-resolution non-contact mapping system 
(AcQMap, Acutus Medical, Carlsbad, CA, USA) is integrated in 
the RMN robotic system (AcQMap-RMN).The AcQMap imaging 
and mapping system rapidly creates highly accurate 3D chamber 
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Abstract
Background: Remote magnetic navigation (RMN) guided catheter ablation (CA) has previously demonstrated high efficiency and efficacy 

in atrial fibrillation (AF) ablation. Previously, only the CARTO 3D mapping system was integrated in the RMN system. Recently, a novel high-
resolution non-contact mapping system (AcQMap) can be used in combination with the RMN robotic system (AcQMap-RMN).

Objective: To assess the feasibility by analyzing safety, efficiency, and efficacy of dipole charge density mapping in RMN guided ablation 
procedures for AF.

Methods: All patients undergoing ablation for AF using the AcQMap-RMN system were included. The AcQMap creates echocardiography-
based anatomy and identifies potential sources of atrial fibrillation such as focal firing, rotational activity, and localized irregular activation. 
Demographic, procedural and follow-up data were analyzed.

Results: A total of 71 consecutive patients were included in this study (24 female, mean age 60.8±9.9 years, 49 redo and 22 de novo 
procedures). As primary outcome we report no major complications, while two patients developed groin hematoma, as minor post-
procedural complication (2.8%). After completing PVI, 45 patients underwent AcQMap based substrate ablation. The mean procedure time 
was 170.5±43.3 min, mean ablation time 1749.6±950.7 s, mean radiation dose was 207.0 (IQR 128.5 - 349.5) mGy. Comparing patients 
undergoing substrate ablation with patients undergoing (redo) PVI-only, we documented higher numbers of application (36.0 vs 23.0, 
p=0.01), higher radiation doses (255.0 vs 142.0 mGy, p=0.03), and radiation times (26.2±8.2 vs 20.4±5.1 min, p<0.01) in patients requiring 
substrate ablation. In the persAF group 34 patients (72.3%) were AF-free at the end of the 12-month follow-up period. The overall freedom 
from any atrial arrhythmias was 68.0% in this patient group

Conclusion: AcQMap-RMN integration is a feasible tool and provides high acute and long-term success rates associated with low 
complication rates in AF ablation. 



Special Issue May 2022

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation & Electrophysiology63 Robotics in EP

www.jafib-ep.com

reconstructions combined with high-resolution maps of electrical 
activation using dipole charge density and permits mapping of any 
stable and unstable cardiac rhythm12. Furthermore, due to its versatility, 
it can quickly create multiple remaps if the source dynamically converts 
during ablation from irregular to regular rhythm 13.

The aim of this study was to report first in human experience on 
safety, feasibility, and efficacy of AcQMap-RMN integration in AF 
catheter ablation procedures. 

Methods
Primary hypothesis and study design

The local medical ethics committee (SERCA-2, MEC-2021-0299) 
approved the data collection for this single center study and concluded 
that the study did not fall under the Medical Research Involving 
Human Subjects Act.

The primary hypothesis was that the AcQMap-RMN integration 
is feasible for AF ablation with good efficiency and efficacy, without 
having a negative impact on procedural safety. Additionally, we 
hypothesized that it allows applying an individualized CA approach 
for patients. The primary endpoint of this study was safety characterized 
by intra- and post-procedural complications. The secondary endpoints 
were procedural efficiency and efficacy characterized by procedure time, 
ablation time, radiation times, radiation doses and atrial fibrillation 
success rates.

Study population
We analyzed data of all consecutive patients undergoing pulmonary 

vein isolation(PVI) or redo-PVI using the AcQMap-RMN system. The 
inclusion criteria were documented AF on ECG, Holter monitoring, 
or previous PVI procedure with documented recurrences. Based on the 
classification of the American College of Cardiology and American 
Heart Association AF types(2), data were compared between the 
paroxysmal AF, and persistent AF patient groups.

Definitions
Total procedure time was defined as the time passed from first 

puncture until the removal of sheaths. Acute success was defined as 
AF source elimination and entry and exit block assessed by pacing after 
PV (re)isolation. Recurrence was defined as AF > 30 seconds recorded 
on 12-lead ECG, or 24-hour to 7-day continuous Holter monitoring. 
Major complications were defined as any adverse event related to the 
procedure, which were life threatening, required significant surgical 
intervention; increased hospital admission time or resulted in death. 
Minor complications were defined as adverse events which resulted in 
minimal transient impairment of a body function or damage to a body 
structure, or which did not require any intervention.

Figure 1: Atrial fibrillation source activation patterns

Table 1: Demographic and clinical data

All pts. (n=71) PAF (n=24) PersAF 
(n=47)

p

Redo procedure 49 (69.0%) 21 (87.5%) 28 (59.5%) 0.016

Age (y) 60.8±9.9 60.2±11.9 61.1±8.8 0.716

Female 24 (33.8%) 10 (41.6%) 14 (29.7%) 0.324

Height (cm) 179.5±9.7 177.1±8.2 180.7±10.2 0.143

Weight (kg) 89.7±16.0 86.4±12.5 91.5±17.4 0.208

BMI (kg/m2) 27.4±3.9 27.4±3.3 27.4±4.2 0.991

AAD 54 (76.0%) 16 (66.6%) 38 (80.8%) 0.190

LVEF (%) 53.7±6.0 54.5±4.3 53.3±6.7 0.463

LA volume (mL) 80.8±22.5 78.5±25.2 81.8±21.8 0.734

LA size (mm) 45.8±7.3 42.3±6.8 47.3±7.1 0.042

LAVI 38.4±10.8 38.2±12.9 38.5±10.2 0.935

Heart failure 5 (7.0%) 1 (4.1%) 4 (8.5%) 0.506

Ischemic heart disease 9 (12.6%) 2 (8.3%) 7 (14.8%) 0.439

Hypertension 35 (49.2%) 9 (37.5%) 26 (55.3%) 0.160

Cardiomyopathy 1 (1.4%) 0 (0.0%) 1 (2.1%) 0.479

Diabetes 10 (14.0%) 6 (25.0%) 4 (8.5%) 0.060

Dyslipidemia 14 (19.7%) 5 (20.8%) 9 (19.1%) 0.868

CVA/TIA 6 (8.4%) 2 (8.3%) 4 (8.5%) 0.980

OSAS 11 (15.4%) 2 (8.3%) 9 (19.1%) 0.240

Data are mean (±SD), n (%). BMI indicates body mass index; AAD, antiarrhythmic drug; LA, 
left atrium; LVEF, left ventricular ejection fraction; LAVI, left atrial volume index; CVA/TIA, 
cerebrovascular accident/transient ischemic attack; OSAS, obstructive sleep apnea syndrome; 
PAF, paroxysmal atrial fibrillation;and PersAF, persistent atrial fibrillation. P-value comparing PAF 
and PersAF groups.

(A) Focal activation (purple) with radial conduction from a single location, which is at least 3ms earlier than its surrounding vertices. (B) Localized irregular activation (LIA) (yellow) is a disorganized pattern 
of conduction with repetitive, multidirectional, isthmus-like conduction through a small, confined zone that may enter, exit, and pivot within and around the zone. Often LIA zones are involved in complex 
reentry. Directional change is determined by the angle-difference between entrance and exit vectors (if > 90°) and is strongly correlated to slow-conduction zones. (C) Localized partial rotational activation 
(green) is a regionally organized pattern of conduction that rotates in one direction around a confined zone (clockwise or counter-clockwise) and subtends a path of ≥ 270°).
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Data collection
Baseline demographic and clinical characteristics from patients were 

collected from our prospective database using the electronic health 
records (HiX version 6.2) and analyzed in accordance with the hospital 
institutional review board policies. Procedural data were derived 
both from the electronic medical files, as well as from the electronic 
procedural log files recorded by the AcQMap system. All patients 
gave informed consent prior to the CA procedure. The following 
demographic and procedural data were collected from the patients: 
sex, age, height, weight, BMI, date of procedure, procedure duration 
time, number of applications, application duration, radiation time and 
dose, AF termination, rhythm at the end of procedure, acute intra-
procedural and post-procedural adverse events. Further, we collected 
and analyzed clinical data, such as left atrial dimension, left ventricular 
ejection fraction, comorbidities, and anti antiarrhythmic medication.

Table 2: Procedural data

All pts (n=71) PAF (n=24) PersAF (n=47) p

Procedure time (min) 170.5±43.3 158.9±35.0 176.5±46.2 0.111

Radiation time (min) 24.2±7.7 21.0±6.7 25.8±7.8 0.017

Radiation dose (mGy)* 207.0(128.5 - 
349.5)

128.5(100.2-
206.2)

256.0(168.0-
480.0)

0.002

No of applications* 31.0(18.9-45.0) 21.0(13.2-47.0) 37.0(23.0-
47.0)

0.004

Application duration (s) 1749.6±950.7 1417.3±909.4 1919.3±935.2 0.029

Data are mean (±SD), *median (IQR). PAF indicates paroxysmal atrial fibrillation; PersAF persistent 
atrial fibrillation. P-value comparing PAF and persAF groups.

Procedural protocol
All CA procedures were performed using the Niobe ES RMN 

system under general anesthesia. Vascular access was obtained with 
femoral venous puncture. After the endocardial anatomical surface 
of the left atrium was reconstructed with the AcQMap noncontact 
mapping system, initial PVI was performed for de novo patients and re-
isolation of the pulmonary veins was performed when needed for redo 
patients. CA was performed using the following power settings: 45-
50W (posterior wall-anterior wall, respectively), 17mL/min flow rate, 
maximum 43oC. Patients with persisting arrhythmia and isolated PVs 
underwent targeted ablation of substrate guided by high-resolution 
charge density mapping with interpreted propagation history. CA 
was performed using the MagnoFlush (MedFact, Germany) ablation 
catheter. In every case, we administered intravenous heparin for 
anticoagulation, guided by the activated clotting time (> 350 seconds).
When patients converted to atrial tachycardia/flutter during the 
ablation single position maps or SuperMaps (see below) were acquired 
followed by targeted ablation. Electrical cardioversion (ECV) was 
performed at the end of the procedures when AF persisted after CA.

AcQMap-RMN integration
The Niobe ES RMN system (Stereotaxis) is a medical platform 

technology allowing remote-controlled navigation during 
interventional procedures. The Stereotaxis system consists of two 
permanent magnets positioned on either side of the patient. By 
changing the orientation of the magnets, the orientation of the 
magnetic field changes, thereby the ablation catheter deflects and can 

Figure 2: AcQMap-RMN integration

The dipole charge density based high-resolution mapping system (AcQMap) can be fully integrated in the Stereotaxis- Odyssey RMN platform.
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28 in the persAF group), and 22 patients presented with de novo AF. 
Based on this, 87.5% of the paroxysmal patients underwent redo CA 
procedures. Therefore, we do not provide efficacy data on de novo PAF 
patients in this study.  The mean pre-procedural left ventricular ejection 
fraction (LVEF) was 53.7±6.0%. Patient demographic and clinical data 
are summarized in Table 1.

Primary endpoint: safety data
There were no major intra- or post-procedural complications 

reported. Two patients were documented with groin hematoma, as 
minor post-procedural complication (2.8%), not requiring a longer 
hospitalization time.

Procedural and radiofrequency ablation data
After completing PVI or redo-PVI, 45 patients underwent AcQMap 

based substrate ablation. Twenty-four patients converted to atrial 
tachycardia/flutter (AT/AFL) during the ablation. Performing targeted 
ablation, 18 out of 24 patients with AT/AFL after RF application(s) 
converted to sinus rhythm, six underwent ECV. Regarding the 
localization of AT/AFLs, 6(25.5%) had perimitral localization, 
4(16.6%) were localized as cavo-tricuspid isthmus dependent, 3(12.5%) 
were originating from around the right pulmonary veins, 3(12.5%) had 
septal origin. The remaining arrhythmias either had a left atrial roof 
dependent, a perinodal origin, or converted to sinus rhythm before 
the possibility of mapping. The mean procedure time was 170.5±43.3 
min, mean ablation time 1749.6±950.7 s, mean radiation time 24.2±7.7 
min, and mean radiation dose was 207.0 (IQR 128.5 - 349.5) mGy. 
In the PAF group, radiation doses (128.5 vs 256.0 mGy, p=0.002) and 
application numbers (21.1 vs 37.0, p=0.004) were lower, ablation times 
were shorter (1312.5 vs 1919.3 s, p=0.029) compared to the pers AF 
patient group (Table 2). Comparing patients undergoing substrate 
ablation with patients undergoing (redo) PVI-only, we documented 
higher numbers of application (36.0 vs 23.0, p=0.012), higher radiation 
doses (255.0 vs 142.0 mGy, p=0.025), and radiation times (26.2±8.2 
vs 20.4±5.1 min, p=0.006) in patients requiring substrate ablation. 
Termination of AF occurred in 31 patients. ECV was performed in 
35 cases. Acute procedural success was achieved in 68/71 (95.7%) of 
the cases.

Follow-up data
Nine patients in the persAF group had documented AF recurrence at 

the 6-month follow-up visits while 34 patients (72.3%) were AF-free 
at the end of the 12-month follow-up period. Nine patients had AT/
AFL recurrence (12.6%). The overall freedom from atrial arrhythmias 
was 68.0% in the persAF patient group. Six patients underwent a 
redo procedure (8.4%), all from the persAF patient group during the 
study period. Three out of these 6 patients presented with documented 
recurrence even after the repeated procedures. 

Discussion
The main finding of our report is that the AcQMap-RMN 

integration offers a safe and personalized treatment option for patients 
with AF, with high success rates and satisfying acute and 1-year follow 
up results.

be navigated through the vascular and cardiac anatomy.  This technique 
has been previously described elsewhere10, 14. The e-Contact module 
is available in Europe but not in the United States, and it provides 
accurate real-time information on catheter-tissue contact, leading to 
efficient RMN-guided CA procedures15.

The AcQMap system is a noncontact charge density-based mapping 
technology that allows visualization of global atrial activation. Highly 
accurate ultrasound-based 3D endocardial anatomy reconstruction 
is created and combined with high-resolution propagation history 
maps of electrical activation. The 48-pole noncontact mapping catheter 
(AcQMap catheter, Acutus Medical, Carlsbad, CA) includes eight 
biopotential electrodes and eight ultrasound transducers alternately 
place on each of its six splines. With the use of ultrasound, 3D 
endocardial chamber surface is reconstructed, which corresponds 
to the end-diastolic size and shape of the chamber. Global unipolar 
intracardiac potentials are sensed from the biopotential electrodes of 
the basket catheter and are processed by an inverse solution to derive 
the dipolar charge sources at the endocardial surface. The waves of 
activation are displayed across the 3D anatomy reconstruction through 
time as high-resolution propagation history maps. The AcQMap 
system utilizes two different types of mapping: the single position 
charge density mapping reveals classifiable activation patterns such 
as focal activation, localized partial rotational activation and localized 
irregular activation (Figure 1). The SuperMap, allows mapping of both 
non-sustained and sustained repetitive atrial rhythms. It is a recent 
addition that allows accumulating of the non-contact measurements 
by time-aligning different beats acquired at different locations of the 
chamber during regular rhythms16.

Follow-up
Routine follow-up visits were scheduled at the outpatient clinic of 

our department for all patients 3 months, 6 months and 12 months 
after the procedures. 24-h Holter recordings were employed during 
these visits for documentation of recurrent arrhythmias. For long-term 
follow-up, patient records were analyzed. We report 6 and 12 months 
follow-up data in this manuscript.

Data analysis
Data were analyzed using SPSS 25.0 software. 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. Normality 
of distribution was assessed with skewness. Descriptive statistics for 
categorical data were expressed in absolute numbers and percentages. 
Statistical significance was defined as p<0.05 (two-tailed). Non-
normally distributed variables were analyzed using the Mann-Whitney 
U-test. 

Results
Demographic and baseline clinical data

Seventy-one consecutive patients were included in the study (male 
n=47, female n=24). The mean age of patients was 60.8±9.9 years. 
Twenty-four patients were included in the paroxysmal (PAF), 47 
patients were included in the persistent AF (persAF) patient group. 
Forty-nine patients had a redo procedure (21 in the PAF group, and 
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AcQMap-RMN integration
With AcQMap-RMN integration we can now combine the benefits 

of real-time entire chamber anatomical and activation mapping with 
the safety and accuracy of RMN. There are no previous studies reporting 
on the AcQMap-RMN integration. Our study confirms that despite 
integrating a new complex diagnostic device in the Stereotaxis RMN, 
the safety profile does not necessarily deteriorate. This is despite the 
fact that we treated a rather complex patient population consisting 
of dominantly persistent AF patients or presenting with complex 
arrhythmias after multiple redo procedures. Considering this, our 
relatively high 1-year success rates are very promising. 

Limitations
The retrospective nature of the present study and the lack of a control 

group might have introduced bias, although we included a relatively 
high number of patients with AF undergoing CA using the novel 
AcQMap combined with RMN. The AcQMap technology requires 
fluoroscopic confirmation of position in some cases, therefore radiation 
times and doses are relatively high. The high reported success rates in 
paroxysmal AF ablation are attributable to the high number of redo 
patients in the PAF group. Therefore, the number of de novo procedures 
in the PAF group are low, and we reported on success rates only for 
persAF patients. 

Conclusions
Catheter ablation procedures guided by the AcQMap-RMN 

demonstrate promising safety, high acute and long-term success rates, 
with low recurrence rates in patients with AF. With the combination 
of these two systems, patients can benefit from a more individualized 
treatment option with promising long-term results .
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