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BACKGROUND: Pulmonary vein isolation is insufficient to treat all patients with persistent atrial fibrillation (AF), and effective
adjunctive ablation strategies are needed. Ablation of AF drivers holds promise, but current technologies to identify drivers are
limited by spatial resolution. In a single-arm, first-in-human, investigator-initiated Food and Drug Administration Investigational
Device Exemption study, we used a novel system for real-time, high-resolution identification of AF drivers in persistent AR

METHODS: Patients with persistent or long-standing persistent AF underwent ablation using the RADAR (Real-Time Electrogram
Analysis for Drivers of Atrial Fibrillation) system in conjunction with a standard electroanatomical mapping system. After
pulmonary vein isolation, electrogram and spatial information was streamed to the RADAR system and analyzed to identify
driver domains to target for ablation.

RESULTS: Across 4 centers, 64 subjects were enrolled: 73% male, age, 64.719.5 years; body mass index, 31.726.0 kg/m?; left
atrium size, 54+£10 mm, with persistent/long-standing persistent AF in 53 (83%)/11 (17%), prior AF ablation (re-do group)
in 26 (41%). After 12.6+0.8 months follow-up, 68% remained AF-free off all antiarrhythmics; 74% remained AF-free and
66% remained AF/atrial tachycardia/atrial flutter-free on or off AADs (antiarrhythmic drugs). AF terminated with ablation
in 35 patients (65%) overall and in 23/38 (61%) of de novo ablation patients. For patients with AF termination during
ablation, 82% remained AF-free and 74% AF/atrial tachycardia/atrial flutter-free during follow-up on or off AADs. Patients
undergoing first-time ablation generally had higher rates of freedom from AF than the re-do group.

CONCLUSIONS: This novel technology for panoramic mapping of AF drivers showed promising results in a persistent/long-
standing persistent AF population. These data provide the scientific basis for a randomized trial.

CLINICAL TRIAL REGISTRATION: URL: https://www.clinicaltrials.gov. Unique identifier: NCT03263702; IDE#G170049.

VISUAL OVERVIEW: A visual overview is available for this article.
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trial fibrillation (AF) is the most common sustained ~ The optimal ablation strategy beyond PVI for persistent
Aarrhythmia encountered in clinical practice. Pulmo-  AF remains unclear. A variety of adjunctive ablation strat-
nary vein isolation (PVI) is the cornerstone of abla- egies have been explored: linear ablation, posterior wall
tive treatment for paroxysmal AR However, when AF is  ablation, ablation of complex fractionated electrograms,
persistent, PVI alone is not sufficient for many patients. ~ ganglionic plexus ablation, isolation of the left atrial
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WHAT IS KNOWN?

* Pulmonary vein isolation alone is not sufficient for
catheter ablation of persistent atrial fibrillation. The
optimal ablation strategy beyond pulmonary vein
isolation is unknown.

* High resolution contact mapping of atrial fibrillation
has previously not been possible due to the disor-
ganized nature of the arrhythmia.

WHAT THE STUDY ADDS?

* A novel technology allows for high-resolution pan-
oramic contact mapping of atrial fibrillation using
traditional mapping techniques.

 Ablation of atrial fibrillation drivers identified with
this technology in addition to pulmonary vein isola-
tion resulted in favorable 1-year success rates in a
persistent and long-standing persistent atrial fibril-
lation population.

Nonstandard Abbreviations and Acronyms

AAD antiarrhythmic drug

AF atrial fibrillation

AT atrial tachycardia

AFL atrial flutter

Cs coronary sinus

PVI pulmonary vein isolation
VOM Vein of Marshall

appendage, and stepwise methods incorporating mul-
tiple strategies.” While incremental benefit has been
reported with some of these approaches, other studies
have failed to show a benefit. Additionally, intraatrial abla-
tion often increases the frequency of macro-reentrant
atrial arrhythmias—atrial tachycardia (AT) or atrial flut-
ter (AFL)—and can cause other complications, such as
thrombus formation and increased risk for stroke with
left atrial appendage isolation.™

More recent efforts have attempted to identify drivers
that perpetuate AF. Previous work has implicated both
focal impulses and rotational activity (rotors) as impor-
tant drivers for AR"2 Sites of high-frequency activity are
more commonly seen outside the pulmonary vein region
in persistent AF, which may help to explain the lower suc-
cess rates of PVl in this group.’® Real-time identification
of AF drivers to help guide ablation is challenging due to
the transient nature of these drivers and the disorgani-
zation of the atria during AR This confounds traditional
sequential approaches to chamber mapping. Alternatively,
panoramic mapping techniques have been studied.'*'®
But the current methods of panoramic mapping are lim-
ited by spatial resolution, which can cause rotors to be
missed, improperly localized, or artefactually created.’®'”
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RADAR: Real-Time Mapping of AF Drivers

We studied a novel system designed to identify AF driv-
ers at high resolution in real time using conventional signal
acquisition and processing techniques. The system involves
the sequential collection of AF electrograms using a stan-
dard high-density regional mapping catheter; the system
then stitches these together to form a coherent panoramic
AF map of the full atrial chamber. This system has previ-
ously been used to characterize AF drivers in a retrospec-
tive fashion.'®® In a prospective, multicenter, Food and
Drug Administration investigator-initiated Investigational
Device Exemption, single-arm clinical trial, RADAR (Real-
Time Electrogram Analysis for Drivers of Atrial Fibrillation),
we report the first-in-human results of this system for real-
time identification of drivers for ablation of persistent AR

METHODS

This study is based on proprietary technology; the data, ana-
lytic methods, and study materials will not be made available to
researchers not involved in this study.

Trial Design

The RADAR trial is a multicenter, single-arm trial conducted
under an Food and Drug Administration investigator-
initiated Investigational Device Exemption (NCT03263702;
IDE#G170049). The trial was funded by AFTx, Inc, the
manufacturer of the RADAR system. The study was con-
ducted by AFTx. However, the authors had full access to the
primary data, take full responsibility for the accuracy and
integrity of the data, made the decision to publish, wrote the
initial draft, and had final authority over the content of the
manuscript. The trial was approved by the ethics committee
at each center before enroliment of any patients.

Study Population

Patients were eligible for enroliment if they had persistent or
long-standing persistent AF refractory to a Class 1 to 4 AAD
(antiarrhythmic drug) and were planned to undergo catheter
ablation for AF. Previous AF ablation was allowed. Subjects
were excluded if they had rheumatic heart disease, NYHA class
IV congestive heart failure, MI, or CABG within 6 weeks, CVA or
TIA within 3 months, contraindications to anticoagulation, esti-
mated life expectancy <1 year, or current intracardiac thrombus.

The RADAR System

The RADAR system (AFTx, Inc, Westminster, CO) uses high-
density electroanatomic maps created with standard mapping
equipment and unipolar signal processing methods to identify
AF driver domains at high resolution. Repetitive morphological
patterns of atrial activation are seen during AF. These distinct
patterns are identified using electrograms from a stationary coro-
nary sinus (CS) catheter, which is used as a reference (Figure 1).
A standard multielectrode regional mapping catheter is used to
collect data at a number of locations throughout the atrium. Local
unipolar atrial electrograms and electrode positions are extracted
from the mapping system, and these electrograms are matched
to the corresponding CS pattern, or phase, occurring at the same
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Figure 1. Conceptual basis of RADAR (Real-Time Electrogram Analysis for Drivers of Atrial Fibrillation) mapping.

A, Signals are collected simultaneously from the coronary sinus (CS) and mapping catheters for 20 s at each different location within the
atrium (circle, square, triangle, hexagon). B, Repetitive activation patterns (green, yellow, red, blue, purple) are identified from the recorded CS
electrograms. Each pattern defines a phase of atrial fibrillation. C, Local atrial activation is extracted from the recorded data at each location
and stitched together to create panoramic conduction vector maps for each phase. This process is repeated for each phase (green, yellow, red,
blue) with the associated local atrial activation data. Sites of rotational activity (R) and focal impulses (F) are tagged.

time. This approach enables high-density contact mapping of the
full atrial chamber, which has not otherwise been possible in AR,
The unipolar electrograms are processed by first subtract-
ing the ventricular components of the signals. Band pass filter-
ing (with cutoffs at 0.5 and 300 Hz) is applied to remove DC
bias and high-frequency noise. The signals are then smoothed
through a Savitzky-Golay filter to remove far-field noise while
preserving signal morphology. Representative signals calcu-
lated and used by the system are shown in Figure 2.
Electrograms from the various anatomic locations are then
sorted and stitched together to create a panoramic 3-dimensional
conduction vector map for each CS phase. Conduction vectors
are then calculated. Distance between electrodes is calculated
using the positions obtained from the mapping system. Using
these distances and the depolarization timings at each electrode,

Circ Arrhythm Electrophysiol. 2020;13:e007825. DOI: 10.1161/CIRCEP.119.007825

conduction vector velocities are calculated between electrode
pairs. An average of 587 electrode locations are used to map the
chamber. Conduction vectors are computed using combinations
of all of these electrode positions and depolarization timings.
Sites of rotational activity and focal impulses are identified in
the individual conduction vector maps, which are then combined to
create a driver density map. Border zones suggestive of scar bor-
ders where low voltage (<0.5 mV) during AF abuts higher voltage
tissue are identified. When rotational or focal activity is detected
in these voltage border zones, the region is highlighted. The con-
duction vector maps and voltage data are fused to create a single
Probabilistic Atrial Driver Assessment map. The Probabilistic Atrial
Driver Assessment map thus incorporates spatiotemporal repeti-
tion of drivers and areas of voltage transition to highlight putative AF
driver domains, which can then be targeted for ablation (Figure 3).
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Figure 2. Processed unipolar signals.

Three separate processed recordings are shown from the coronary sinus (A—-C) and circular mapping (D—F) catheters in red, green, and blue.
These signals are overlaid and shown in different coronary sinus (CS) phases (green, yellow) and for different mapping catheter positions
(triangle, square). The preservation of remote atrial activation during specific CS activation patterns is illustrated by the overlapping signals on

the mapping catheter at different time points and locations.

At the start of the trial, sites of rotational activity and focal
impulses were identified by visual inspection and manual anno-
tation of each conduction vector map. After the sixth case, a
software update allowed for automatic annotation of these
sites; the remainder of the cases were performed with auto-
matic driver detection.

Procedure Flow

All patients underwent PVI if not previously performed, or if
incomplete from prior procedures. Cavotricuspid isthmus abla-
tion was allowed but not required. The RADAR system was
used to identify AF driver domains. For patients presenting in
sinus rhythm, AF was induced by rapid atrial pacing. Catheter
location and electrogram data were streamed from the map-
ping system (Ensite Precision; Abbott, Inc, Minneapolis, MN)
to a computer running the RADAR system (Figure 4). The CS
catheter was situated in a stable position in the CS and used
as a reference to define phases in AF. Atrial electrograms were
recorded using a standard 20-pole mapping catheter (AFocus
I, Abbott, Inc). Electrogram and location data were recorded for
20 seconds at each site in the atrium from the mapping cathe-
ter and CS until adequate coverage of the atrium was achieved.

The domains highlighted on the Probabilistic Atrial Driver
Assessment map were targeted for ablation. If the patient
remained in AF after ablation of the highlighted driver domains,
additional RADAR maps could be created in the left or right
atrium at the discretion of the operator. No other empirical abla-
tion was permitted.

Antiarrhythmic medications were to be stopped by 8 weeks
after ablation. As per the guidelines, the 3 months after abla-
tion were considered a blanking period, and arrhythmias dur-
ing this time were not counted toward the efficacy end points.
Patients with symptoms or documentation of recurrent AF or

Circ Arrhythm Electrophysiol. 2020;13:e007825. DOI: 10.1161/CIRCEPR.119.007825

AT/AFL after the blanking period were permitted to start or
resume the use of antiarrhythmic medications. After this time,
any documented episode of AF lasting 30 seconds or longer
was counted as an arrhythmia recurrence. A second ablation
procedure using the RADAR software was allowed for AF
recurrences during the 1-year follow-up period. Ambulatory
cardiac monitoring was performed for 7 to 14 days at the 3-,
6-, and 12-month timepoints.

END POINTS

Primary end points were acute procedural outcome
analysis and freedom from recurrent AF after 1 proce-
dure at 12 months and after 2 procedures at 12 months.
Secondary end points included freedom from AF other
ATs, or AFL at 12 months, radiofrequency ablation time,
fluoroscopy time, procedure time, and procedure-related
adverse events.

Statistical Analysis

Data collection and statistical analysis was performed by
AFTX, Inc. Outcome analyses were performed on patients
who underwent an ablation procedure and were followed
for longer than the initial 3-month blanking period. Sur-
vival analyses were performed for the primary outcome
and for time-to-event secondary outcomes. Kaplan-
Meier curves were generated. Categorical variables
are expressed as number of patients and percentages,
where appropriate. Continuous variables are expressed
as meanxSD, with ranges given when appropriate for
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Figure 3. Creation of probabilistic atrial driver assessment (PADA) map.

High-density electrogram, voltage, and location information are collected throughout the left atrium (LA) using standard mapping equipment
(A). Individual conduction vector maps for each phase (B) are combined to yield a driver density map (C). A voltage map collected during atrial
fibrillation (AF; D) is incorporated with this information to output the PADA map (E). AF was successfully terminated with ablation (red and
white dots) at the highlighted driver doman on the posterior wall in this patient with long-standing persistent AF for 12 y.

additional understanding. Data were managed with
Microsoft Excel software and analyzed with Minitab soft-
ware, version 19,

RESULTS
Study Population

A total of 64 subjects were enrolled at 4 centers in the
United States between June 2017 and June 2018.
As summarized in Table 1, the study population was:
73% male; age, 64.719.5 years; BMI, 31.7£6.0 kg/
m? CHA,DS,-VASc, 2.6£1.6; left atrium size, 54110
mm. The longest duration of AF averaged 13.4%+355
months (range 1-240 months). The cohort consisted of
53 patients (83%) with persistent AF, and 11 patients
(17%) with long-standing persistent AF. Previous AF
ablation (the re-do group) had been performed in 26
patients (419%), with 1.6+£0.9 prior ablation procedures
(range, 1-5) in this group. The remaining 38 patients
(59%) were undergoing their first AF ablation procedure
(de novo group).

Circ Arrhythm Electrophysiol. 2020;13:e007825. DOI: 10.1161/CIRCEP.119.007825

Acute Procedural Outcomes

Acute procedural outcomes are summarized in Table 2.
RADAR mapping and ablation times were 22.5£5.7 and
28.3+20.4 minutes. In total, 88 left atrial conduction
vector maps were created, with an average of 1.3+0.6
maps per patient (range, 1-3). An average of 3.9+1.3
left atrium drivers were identified per patient. Right atrial
mapping was performed in only 8 patients (13%), with
2.561+1.4 right atrium drivers identified per patient.

A total of 252 left atrial drivers were detected, with 184
sites of rotational drivers and 68 sites of focal impulses
observed. The types and locations of left atrial drivers
identified are summarized in Figure 5. Drivers were seen
throughout the left atrium: anterior wall (249%), posterior
wall (35%), roof (11%), septum (11%), and lateral left
atrium including the left atrial appendage (19%).

Acute termination of AF during the procedure was
achieved in 35/64 patients (55%). Termination was seen
in a higher proportion of patients undergoing first-time
ablation (23/38, 61%) than those who had previous
ablation (12/26, 46%).
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Figure 4. Flow of information between systems.

Catheter location and electrogram data are collected from the mapping catheter and coronary sinus (CS) catheter via a standard mapping
system. These data are streamed via a direct connection from the mapping system to a computer running the RADAR (Real-Time Electrogram

Analysis for Drivers of Atrial Fibrillation) software for analysis.

Clinical Outcomes

Over a mean follow-up of 12.6£0.8 months, 38
patients (68% [95% Cl, 60.0%-82.9%]) remained
free of AF off all AADs; 42 patients (74% [95% CI,
69.4%-89.9%]) remained free of AF with the addition

Table 1. Study Population

De Novo Re-Do Al

Number of patients 38 26 64
Prior ablations 1.6+0.9
Age, y 64.2+9.4 65.419.9 64.7+£9.5
Male sex, % 26 (68%) 21 (81%) 47 (73%)
AF duration, longest, mo 11.6+24.6 16.1+47.7 13.4135.5
BMI, kg/m? 32.3+6.5 30.8%5.0 31.7£6.0
LA size, cm 5.2+0.9 5.6%1.1 5.4%£1.0
CHA,DS,-VASc score 2.3t1.6 2.7£1.6 2.5%1.6
Diabetes mellitus 4 (11%) 4 (15%) 8 (13%)
Hypertension 26 (68%) 22 (85%) 48 (75%)
Obstructive sleep apnea 17 (45%) 10 (38%) 27 (42%)
Coronary artery disease 10 (26%) 9 (35%) 19 (30%)
Congestive heart failure 6 (16%) 6 (23%) 12 (19%)
Ejection fraction, % 5519 54113 55+11
Baseline AAD, class | or Il 17 (45%) 14 (54%) 31 (48%)

Class | AAD 5 (13%) 3 (12%) 8 (13%)

Class Il AAD 12 (32%) 11 (42%) 23 (36%)

AAD indicates antiarrhythmic drug; AF, atrial fibrillation; BMI, body mass index;
and LA, left atrium.

Circ Arrhythm Electrophysiol. 2020;13:e007825. DOI: 10.1161/CIRCEPR.119.007825

of antiarrhythmics (on or off drugs; Figure 6). Three
patients were withdrawn from the study with no fol-
low-up, and 4 patients were lost with partial follow-
up. Statistical analysis with censoring was performed
accordingly. Of the 19 patients who developed AF
during follow-up, 4 were noted to have posterior wall
drivers that were not ablated during the index proce-
dure due to proximity to the esophagus. There were
10 patients (16%) who developed AT or AFL during
follow-up: 5 patients (149%) in the de novo group and 5
patients (219%) in the re-do group.

The Kaplan-Meier estimates for freedom from AF off
AADs was higher in patients undergoing first-time AF
ablation (72%) than those patients undergoing re-do
ablation (60%). There were 9 patients (15%) who under-
went repeat ablation for recurrent arrhythmia, 6 patients
from the de novo group and 3 from the re-do group.
Kaplan-Meijer estimates of single procedure success
rates after addition of AADs for initial recurrence were
74% for freedom from AF (72% de novo, 78% re-do),
and 66% for freedom from AF/AT/AFL (69% de novo,
60% re-do). After 2 procedures, on or off AADs, 84% of
patients remained AF free (86% de novo, 83% re-do),
and 76% were AF/AT/AFL free (83% de novo, 64%
re-do). These data are summarized in Table 3.

There were no adverse events associated with RADAR
mapping or related to AF ablation, including no instances
of pericardial tamponade, stroke, atrioesophageal fistula,
pulmonary vein stenosis, or phrenic nerve injury.
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Table 2. Acute Procedural Data

De Novo Re-Do All

Number of patients 38 26 64
Presenting in sinus rhythm, % 9 (24%) 6 (23%) 15 (23%)
RADAR mapping time, min 22.3+6.0 | 22.615.6 | 22.5+5.7
Number of maps acquired, per pt 1.2+0.4 1.6+0.6 1.3+£0.6
LA drivers, per pt 3.9%1.1 4+15 3.9+1.3
RA driver maps, number of pts, % 2 (5%) 6 (23%) 8 (13%)
RA drivers, per pt that was mapped| 2.5%0.7 2.5+1.6 2.5+1.4

RADAR ablation time, min 23.61+20.3| 34.5+19.3 | 28.3+20.4

Fluoroscopy time, min 25.5+13.1| 24.1£9.0 | 24.9+11.6
Fluoroscopy exposure, mGy 245+201 | 241£197 | 244%198
Acute termination of AF, % 23 (61%) | 12 (46%) | 35 (55%)

AF indicates atrial fibrillation; LA, left atrium; RA, right atrium; and RADAR,
Real-Time Electrogram Analysis for Drivers of Atrial Fibrillation.

DISCUSSION

Ablation of AF driver domains guided by the novel
RADAR mapping system revealed promising 1-year

RADAR: Real-Time Mapping of AF Drivers

outcomes in this persistent AF cohort. The freedom from
recurrent AF with and without the use of AADs after one
procedure was 74% and 68%, respectively.

The patients included in this trial have more advanced
disease than has traditionally been included in studies of
persistent AF. Persistent AF of any duration was allowed,
with 17% of the overall cohort having long-standing per-
sistent AF; 41% of patients had at least 1, and up to 5,
prior failed ablation procedures for AF. This cohort was
generally older, had a higher BMI, and had a larger left
atrial size than those included in previous large ablation
trials for persistent AF. The overall results of this trial
should be viewed in this context.

Ten patients (16%) remained free of recurrent AF but
developed AT or AFL during follow-up. These arrhyth-
mias are presumably related to circuits related to scarring
from either intraatrial ablation or from the AF itself. This
has also been seen in other trials of persistent AF, with
seemingly higher rates when anatomic lines of block are
attempted. In those cases, incomplete block across the
attempted lines can be proarrhythmic.? Many operators
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Figure 5. Driver characteristics.

The study population had an average of 3.9 left atrial drivers identified. The distribution of left atrial drivers is shown: rotational sources are
shown as red circles, while focal impulses are shown as blue stars. LA indicates left atrium; and RA, right atrium.
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Figure 6. Kaplan-Meier estimates of single-procedure freedom from atrial fibrillation (AF).

Shown are the curves for the full cohort (blue line), the de novo-alone group (red line), and the re-do group (green line) without the use of
antiarrhythmic drugs (top), and with the addition of antiarrhythmic drugs (bottom). Three patients were withdrawn with no follow-up and 4
patients were lost with partial follow-up. Statistical analysis with censoring was performed accordingly, using Minitab 19 software. AAD

indicates antiarrhythmic drug.

view recurrence of organized arrhythmias such as AT or
AFL as more favorable than AF recurrence, as they are
often more amenable to repeat catheter ablation.

In the subgroup of 34/61 patients with acute ter-
mination of AF with ablation who completed follow-up,
28 patients (82%) remained AF-free and 25 (74%)
remained AF/AT/AFL free. In the subgroup for whom

Circ Arrhythm Electrophysiol. 2020;13:e007825. DOI: 10.1161/CIRCEPR.119.007825

acute termination was not achieved and cardiover-
sion was required, 63% remained AF-free and 52%
remained AF/AT/AFL-free on or off AADs. A subgroup
of 33/61 patients (54%) underwent CTI ablation, which
was optional in the protocol. After a single procedure
including CTI ablation, 27 (82%) remained AF-free; and
24 patients (73%) remained AF/AT/AFL-free on or off
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Table 3. Clinical Outcomes

RADAR: Real-Time Mapping of AF Drivers

All Patients (n=61*) De Novo (n=37) Re-Do (n=24)
Single Two Two
Single Procedure Procedures Single Single Two Single Single Procedures
Procedure On or Off On or Off Procedure Procedure Procedures | Procedure Procedure On or Off
Off AAD AAD AAD Off AAD On or Off AAD | On or Off AAD | Off AAD | On or Off AAD AAD
AF 19 (31%) 15 (25%) 9 (15%) 10 (27%) 10 (27%) 5 (14%) 9 (38%) 5 (21%) 4 (17%)
AT/AFL 10 (16%) 6 (10%) 5 (8%) 5 (14%) 2 (5%) 1 (8%) 5 (21%) 4 (17%) 4 (17%)
On AAD n/a 11 (18%) 6 (10%) n/a 3 (8%) 4 (119%) n/a 8 (33%) 2 (8%)
Repgat n/a n/a 9 (15%) n/a n/a 6 (16%) n/a n/a 3 (18%)
ablation
Freedom from
[V {v) 0, 0/ 0, 0y 0/ v 0
AF/AT/AFLT 28 (52%) 36 (66%) 43 (76%) 20 (58%) 23 (69%) 29 (83%) 8 (38%) 13 (60%) 14 (64%)
fodom fom | 3g (e800) | 42 (74%) 48 (84%) 25 (7290) 25 (7290) 30 (86%) | 13(60%) | 17 (78%) 18 (83%)

*Three patients did not have follow-up and were withdrawn from the study.

tPercentages for freedom from arrhythmia are taken from Kaplan-Meier estimates at the end of follow-up for each cohort.

AADs. Further analysis in larger populations is necessary
to validate these subgroup results.

Driver Ablation for Persistent AF

A number of prior studies have examined other technolo-
gies for identification of AF drivers to improve success
rates of ablation. The CONFIRM trial (Conventional Abla-
tion for Atrial Fibrillation With or Without Focal Impulse
and Rotor Modulation)?° studied ablation guided by focal
impulse and rotor modulation, using a 64-pole basket
catheter in the atrium to collect electrogram data for anal-
ysis. In patients with paroxysmal or persistent AF, acute
termination of AF occurred in 56% with Focal Impulse
and Rotor Modulation-guided ablation, 82.4% of patients
remained free of AF, and 70.6% remained free of any
atrial tachyarrhythmia at 1 year. Other single-center expe-
riences have also reported success with this technology.
But these results have notably not been replicated by
other groups,?'?? And most importantly, the results of the
REAFFIRM trial (Randomized Evaluation of Atrial Fibrilla-
tion Treatment With Focal Impulse and Rotor Modulation
Guided Procedures) were recently presented? In this
350-patient multicenter clinical trial, patients with persis-
tent AF were randomized to either conventional PVI or
focal impulse and rotor modulation—guided ablation fol-
lowed by PVI. The single procedure 1-year freedom from
AF/AT was 69.3% in the focal impulse and rotor modula-
tion group and 67.5% in the PVI alone group (P=0.96).2°

The 252-electrode surface ECG mapping vest has also
been studied for guiding ablation of persistent AF sources.
This technology uses reconstructed unipolar electrograms
from potentials recorded on the torso for phase mapping
to identify AF drivers. In the initial experience in over 100
patients with persistent atrial fibrillation, termination of AF
was achieved in 80% of patients—63% with ablation of
driver regions alone, whereas the remainder terminated
during ablation of additional lines.?* After 12 months of
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follow-up, 80% of patients remained free of AF, and 64%
remained AF/AT/AFL free. However, when this approach
was studied in a multicenter prospective fashion, a sig-
nificant proportion of patients had recurrent atrial arrhyth-
mia.?® Of the 77% of patients who remained AF free at 1
year, 49% of them had at least one episode of AT requir-
ing either AAD therapy, cardioversion, or repeat ablation.

These approaches rely on calculation of phase singu-
larities to identify potential AF drivers rather than tradi-
tional mapping and electrogram processing techniques.
They are also impeded by the lower spatial resolution of
these technologies, which can cause drivers to be missed,
incorrectly located, or artefactually created where they do
not actually exist.’®'" In contrast, the RADAR system uses
high-density contact mapping and standard electrogram
processing techniques to circumvent these limitations.

High-resolution characterization of AF drivers may also
help to discern driver characteristics that are important
for maintenance of AF. This could, in turn, decrease the
amount of ablation required. Development of more focused
ablation methods is an important goal to (1) help reduce
procedure time, (2) decrease the substrate for subse-
quent development of macroreentrant atrial arrhythmias,
and perhaps most important, (3) minimize the extent of
atrial ablation so as to preserve atrial mechanical/contrac-
tile function. Panoramic high-resolution contact mapping
of AF may provide a way to develop consistent treatment
strategies for patients with refractory persistent AR

The use of the RADAR system for driver identification
does add time to the procedure, both for mapping and
for the additional ablation that is required. But since it is
used in conjunction with a standard mapping system and
interpretation of the Probabilistic Atrial Driver Assess-
ment map is simple, the system is easily incorporated
into standard AF ablation workflow. Furthermore, since
additional mapping equipment is unnecessary beyond a
standard multielectrode mapping catheter, there is no
additional cost incurred by its use. Our multicenter data
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show comparable results to the initial favorable studies
of other driver mapping technologies in a relatively small
number of patients with more advanced disease. Driver
ablation for persistent AF can be a useful strategy if
these results can be replicated in a larger trial.

In contrast to driver ablation, Pambrun et al?® recently
described a purely anatomic approach to persistent
AF ablation. In this pilot series, 10 patients underwent
ablation at multiple anatomic sites (CS musculature,
cavotricuspid isthmus, mitral isthmus, and roof line).
Before ablation, Vein of Marshall ethanol injection was
performed to target epicardial Vein of Marshall poten-
tials and assist with achieving mitral isthmus block. This
approach is likely to also incidentally disrupt some AF
drivers located near the ablation sites, though it should
not affect drivers on the anterior wall, posterior wall, and
septum. It will be important to observe AF recurrence
rates with this anatomic method.

Limitations

There are several limitations to this study. It is a hetero-
geneous persistent AF population with a relatively small
number of patients. There is no control group for compari-
son. Generalization of these results to specific populations
should be undertaken with caution. Although multiple cen-
ters participated in this trial, all operators had significant
prior experience with AF ablation. Techniques for ablation
of the identified drivers were not standardized. Despite
these apparent limitations, the initial outcomes are favor-
able in this refractory population of patients with AR

Conclusions

Mapping of AF drivers is limited by spatial resolution. In
this first-in-human multicenter RADAR clinical trial, we
observed promising results with the real-time use of this
high-resolution mapping system to define targets for
ablation in persistent AF. This sets the stage for a ran-
domized trial to investigate this strategy in a more defini-
tive fashion.
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