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Aims

Methods
and results

Conclusion

RECOVER AF evaluated the performance of whole-chamber non-contact charge-density mapping to guide the ablation of
non-pulmonary vein (PV) targets in persistent atrial fibrillation (AF) patients following either a first or second failed
procedure.

RECOVER AF was a prospective, non-randomized trial that enrolled patients scheduled for a first or second ablation re-
treatment for recurrent AF. The PVs were assessed and re-isolated if necessary. The AF maps were used to guide the ab-
lation of non-PV targets through elimination of pathologic conduction patterns (PCPs). Primary endpoint was freedom from
AF on or off antiarrhythmic drugs (AADs) at 12 months. Patients undergoing retreatment with the AcQMap System (n =
103) were 76% AF-free at 12 months [67% after single procedure (SP)] on or off AADs (80% free from AF on AADs).
Patients who had only received a pulmonary vein isolation (PVI) prior to study treatment of non-PV targets with the
AcQMap System were 91% AF-free at 12 months (83% SP). No major adverse events were reported.

Non-contact mapping can be used to target and guide the ablation of PCPs beyond the PVs in persistent AF patients return-
ing for a first or second retreatment with 76% freedom from AF at 12 months. The AF freedom was particularly high, 91%
(43/47), for patients enrolled having only a prior de novo PVI, and freedom from all atrial arrhythmias for this cohort was 74%
(35/47). These early results are encouraging and suggest that guiding individualized targeted ablation of PCPs may therefore
be advantageous to target at the earliest opportunity in patients with persistent AF.
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Treatment of pathophysiologic propagation

What’s new?

® Visualization of the atrial activation during atrial fibrillation (AF), and
the treatment of pathologic conduction patterns, leads to favourable
clinical outcomes even in traditionally difficult-to-treat re-do
patients.

® 76% of patients with persistent AF undergoing retreatment with the
AcQMap System were AF-free at 12 months, 67% after a single
procedure.

® The most prominent pathologic conduction pattern observed dur-
ing AF was ‘Localized Irregular Activity,’ (74% of patterns) indicative
of pivoting propagating wavefronts as opposed to rotational or focal
activity.

® 91% of patients who had only received a pulmonary vein isolation
(PVI) ablation prior to treatment of non-PV targets with the
AcQMap System were AF-free at 12 months, 83% after a single pro-
cedure. Eliminating pathologic conduction patterns during subse-
quent retreatment with only a previous PVI ablation is associated
with high clinical success rates.

® Acute termination guided by charge-density mapping predicts long-
term freedom from AF in re-do patients.

Introduction

Long-term success with ablation in patients with persistent atrial fibril-
lation (AF) remains elusive with outcomes between 38% and 64% at 12
months, often necessitating second, third, and even fourth procedures
to achieve sustained sinus rhythm (SR)."? The results of STAR AF Il and
CHASE AF, which showed no incremental value of additional ablation
lines or complex fractionated atrial electrograms (CFAEs) over pul-
monary vein isolation (PVI), suggest the first procedure treatment to
be limited to PVI only. Studies investigating AF recurrence after PV iso-
lation show that at retreatment, 63%—86% of patients will have 14
veins reconnected.>* However, the optimal ablation strategy to im-
prove outcomes beyond PV isolation or re-isolation is unknown.>*

Previously, the UNCOVER AF trial that utilized global chamber,
charge density (CD) mapping to guide ablation of targets outside the
PVs in de novo persistent AF patients demonstrated a 12-month, single-
procedure freedom from AF of 73%. Within the UNCOVER AF trial,
results showed a promising success rate (93%) for those patients
that underwent a retreatment procedure during the study.” The results
of the UNCOVER AF trial motivated the RECOVER AF trial to inves-
tigate the clinical utility of targeted ablation of pathophysiologic propa-
gation in patients receiving retreatment for AF.

Mapping the activation of the atria during AF allows for interrogation
of spatiotemporal phenomena, such as patterns of activation propaga-
tion that is not achievable using conventional mapping systems. The
capability to measure propagation during AF leads to the observation
that there are reliable and recurring conduction patterns that are facili-
tated by and anchored to pathologic tissue that can be targeted and
treated.®” Pathophysiologic conduction patterns are, in practice, wave-
fronts that exhibit highly refractive meandering, rotational, and ectopic
behaviour. These behaviours arise from low safety-factor propagation
and the interaction of multiple wavefronts due to a combination of the
static syncytial state of the left-atrial (LA) myocardium and the dynamic
spatiotemporal variance in restitution and repolarization.®>™'® This
pathophysiologic state is highly dynamic, particularly during AF, but is
thought to be a result of a combination of the following factors: scar,
fibrosis, fatty infiltration, poor inter-myocyte coupling, non-uniform re-
fractoriness, and possibly many others.®'%"!

The RECOVER AF trial was designed to evaluate the performance
and efficacy of global CD mapping to guide ablation of non-PV targets
in persistent AF patients undergoing retreatment for recurrent AF fol-
lowing either a first or second failed ablation procedure. We show that

treating targets of pathologic conduction patterns (PCPs) outside of
the PVs, as identified by the AcQMap System, is a promising workflow
for retreatment of AF patients beyond PVI. Utilizing the ability to map
atrial activation during AF and treat pathophysiologic propagation pat-
terns may reveal actionable detail about an individual’s substrate and
therefore may be a novel and efficacious tool in the treatment of AF.

Methods

Study design and participants

RECOVER AF (Utilizing Novel Charge Density Capabilities to Objectively
Visualize the Etiology of Recurrent Atrial Fibrillation Following a Failed AF
Ablation) was a prospective, single-arm, multi-centre, multi-national, non-
randomized, pre-market study in Canada and post-market study in
Europe designed to show the clinical performance of the AcQMap High
Resolution Imaging and Mapping System in guiding ablation in patients
undergoing retreatment for AF by targeting pathologic propagation
patterns.

Patients aged 18 years or older, scheduled for repeat endocardial abla-
tion for recurrent AF were recruited at 13 clinical sites throughout
Europe and one clinical site in Canada (see Supplementary material
online, Table S17). Patients were excluded if they had more than two previ-
ous LA ablation procedures for AF treatment, atrial arrhythmias (AAs) sec-
ondary to electrolyte imbalance or other reversible cause, structural heart
disease or implanted devices including pacemakers, implantable cardiover-
ter defibrillator, septal closure devices, LA appendage occlusion devices, his-
tory of blood clotting or bleeding, pregnant or lactating, or enrolled in any
other study that may impact the results. The study was registered at www.
clinicaltrials.gov (NCT03368781), complied with the Declaration of
Helsinki, and was approved by local ethics committees, with all participants
signing informed consent prior to study participation. Independent moni-
toring of the study was provided by a clinical research organization
(ICON plc, Dublin, Ireland).

Comeprehensive clinical history and procedural data were collected for
each subject. Use of antiarrhythmic drugs (AADs) leading up to the proced-
ure followed institutional standard of care. Discontinuation of amiodarone
for 60 days prior to the ablation was recommended but not required. The
date of the most recent direct current cardioversion (DCCV) and duration
of resultant SR was recorded. Transesophageal echocardiography to rule
out atrial thrombus was completed within 72 h prior to the procedure.

Clinical workflow

Catheter ablation retreatment procedures were conducted under either
conscious sedation or general anaesthesia per institutional standard of
care with central venous access gained and then fluoroscopic guidance
used for transseptal access to the LA. Following LA access, intravenous hep-
arin was administered to maintain ACT >350 s. The ultrasound imaging and
CD mapping catheter (AcQMap 3D Imaging and Mapping Catheter, Acutus
Medical, Carlsbad, CA) was positioned in the LA, via a steerable sheath, to
generate 3D surface reconstructions and maps of atrial activation. The util-
ization of devices for 3D anatomic reconstruction, navigation, and electrical
mapping was limited to the use of the AcQMap High Resolution Imaging and
Mapping System. Functionality and features of the AcQMap System have
been previously described." ' Investigators utilized the following stepwise
approach for anatomy reconstruction, evaluation of PV reconnections, and
CD mapping of non-PV targets (Figure 7).

A patient-specific anatomical reconstruction was obtained using the
AcQMap catheter-based ultrasound by roving the catheter throughout
the LA without contacting the endocardial surface. Incidental contact by
the catheter was permitted but was algorithmically excluded from the ana-
tomic reconstruction. Limited post-processing was performed to sharpen
the anatomic detail and remove non-conducting structures (e.g. mitral
valve). For patients in AF, an initial 30-s unipolar recording of the electrical
information throughout the LA chamber was obtained from a central and
stationary location within the LA. Using the electrical information recorded
from the central location, a high-resolution and fidelity reconstruction of
the electrical propagation can be made through the CD mapping algorithm
described previously.>'%"*'> Using the propagation of the electrical wave-
front during AF, clinicians could identify non-PV targets, defined here as
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Figure 1 RECOVER AF procedural workflow. Pulmonary veins were initially evaluated and re-isolated as needed. Atrial rhythms present or induced
after PVI were mapped. Identified non-PV targets were ablated, with re-mapping encouraged until no additional targets could be identified. The right
atrium was mapped when left atrial ablation was not felt to be sufficient to treat the recurrent AF. Pulmonary vein isolation was confirmed following
non-PV target ablation. AF, atrial fibrillation; PV, pulmonary vein; PVI, pulmonary vein isolation.

pathological conduction patterns (PCPs), prior to (or at any point in the
procedure) assessing isolation of the PVs. Optional induction of AF prior
to assessment of PV reconnection was at the discretion of the investigator.

The PV isolation was documented via the investigator’s preferred strat-
egy. Reconnected veins were documented and re-isolated using radiofre-
quency (RF) ablation catheters. A minimum power of 25-30 W was
suggested with a flow rate of 15-30 cc/min as determined by the catheter
manufacturer for irrigated RF. Balloon-based cryothermy was also allowed
as an alternative to re-isolate reconnected veins. Prior to the conclusion of
the procedure, PVI was documented by demonstrating absence of PV po-
tentials with a circular mapping catheter (entrance block) and pacing from
inside the vein for local capture with exit block towards the LA, all in ac-
cordance with international guidelines and consensus documents. If add-
itional ablation was required, ablation parameters were recorded, and
entrance and exit block was documented.

In patients who either converted to or remained in SR following PV re-
isolation, programmed electrical stimulation with short-coupled extra stim-
uli and/or rapid pacing was used to induce clinically relevant AAs. The
chamber-wide electrical propagation was reconstructed and visualized
across the patient’s anatomy to identify non-PV PCPs.

Targeting pathologic conduction patterns

Three PCPs were characterized during the UNCOVER AF trial and system-
atically targeted as part of this study: (i) localized irregular activity (LIA), (ii)
localized focal firing (FF), and (iii) localized partial rotational activity (LPRA).
These targets, represented schematically in Figure 2A, are defined as follows:

® FF: Electrical activity that radially propagates outward from a given pos-
ition is classified as FF. In practice, this can be due to ectopy or endocar-
dial breakthrough in cases of intramural disassociation.

® | PRA: Propagation that rotates greater than 270 degrees around a given
position is classified as LPRA. In practice, these are sites of frequent but
short-lived rotational activity (rotating for only one or a few cycles) be-
fore interruption, annihilation, splitting, or breakdown to non-rotational
patterns or passive conduction.

® LIA: Propagation that pivots and refracts (changes direction) greater
than 90 degrees as it moves through a given position is classified as an
LIA. In practice, sites of multidirectional entry/exit and ‘isthmus-like’
pivoting are typically classified as LIA.

Treatment of these PCPs included ablating the core and anchoring to the
nearest anatomic boundary (core-to-boundary) or bisecting the LIA/LPRA
target zone to prevent wavefront pivoting or rotation. An example of
core-to-boundary being used to ablate a target and anchor those ablations
to an inert non-propagating boundary can be seen in Figure 2B. Identification
of the patterns was primarily done by the operator manually; however, an
automated tool for detecting these PCPs, AcQTrack (Acutus Medical,
Carlsbad, CA), was available for confirmation.

Re-mapping and ablation were repeated until all identified or subse-
quently uncovered targets were eliminated or sufficiently modified.
Mapping of the RA was required when LA ablation was not successful in
treating the recurrent AF. Ablation of additional RA targets or creation
of a cavotricuspid isthmus (CTI) line of block was at the discretion of the
investigator. Bi-directional block using pacing manoeuvers was documented
following any linear ablation. The DCCV was used to convert any remaining
arrhythmias to SR.

Follow-up

Patient information regarding follow-up was collected at hospital discharge,
and at 3, 6, and 12 months. Safety was evaluated at each visit, and analysis of
patient rhythm was completed at the 3-, 6-, and 12-month follow-up visits.
Standard 12-lead ECG and 48-h continuous monitoring was performed at
each visit to document recurrence of AAs. Recordings were independently
analysed and reported by trained technicians/readers of the monitor manu-
facturer. All reports were confirmed by the site investigator, with any dis-
agreements adjudicated between the site and the monitor manufacturer’s
medical representative. Per protocol, recurrence of AF, atrial flutter
(AFL), or atrial tachycardia (AT) outside of required visits was documented
by ECG, 48-h continuous ECG monitor, or Holter and recorded as an un-
scheduled visit.

A 3-month blanking period was used during which recurrences of AF/
AFL/AT were not counted as failures as per standard guidelines.
Treatment to maintain SR in case of prolonged AF recurrence was allowed
during the blanking period, including use of DCCV and/or AAD administra-
tion or dosage modification. The investigator could also elect to repeat an
ablation; however, continuous monitoring for 48-h was required prior to
the procedure to document the presenting rhythm. The AcQMap
System was recommended to be used during repeat ablation procedures.
Following repeat ablation, no adjustment was made to follow-up, and
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Treatment of pathophysiologic propagation
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the low posterior wall is identified, (i) the core of the target is ablated, and (jii) an anti-arrhythmogenic ablation line is used to connect the targeted

core to an inert boundary.

patients exited the study 12 months post the initial study retreatment
procedure.

Outcomes

Long-term effectiveness was determined by evaluating all subjects who
were free of AF lasting greater than 30 s in addition to all AAs in the follow-
up period. Cardioversion outside of the blanking period was considered a
study failure. A second ablation in the follow-up period was allowed as
per study guidelines but considered a failure in the single-procedure results.
Additional effectiveness measurements included subset analyses of patients
who had only received PVl ablation prior to being treated with AcQMap for
PCPs vs. those who were enrolled having had more extensive ablation.
Further subsets included comparing those with vein reconnection or no
vein reconnection, first or second retreatment procedure, and absence
or presence of non-PV targets.

Safety outcomes were measured as freedom from device/procedural-
related safety events within 24 h post-ablation. All adverse events were
recorded and reported to the sponsor, with the investigator taking the re-
sponsibility of classifying any event as related to the System or the ablation
procedure. Adverse events could be further categorized as serious (leading
to death, deterioration of health resulting in life-threatening illness or injury,
permanent impairment, prolonged hospitalization, or medical or surgical
intervention to prevent life-threatening illness or injury) and adverse device
effects caused by or related to use of the device. All procedure and
device-related adverse events were adjudicated by the sponsor’s clinical
representatives.

Procedural efficacy was measured using descriptive analysis of confirm-
ation of electrical isolation of all PVs and elimination or modification of all
non-PV targets as identified by the AcQMap System. Additional efficacy ob-
jectives included documentation of procedure data including total time,
fluoroscopy time, PVI ablation time, and non-PV target ablation time.

Statistical analysis

Baseline and demographic characteristics were summarized for the proced-
ural population, and effectiveness outcomes were summarized for all pa-
tients that completed the study. Continuous variables are presented as
mean, SD, median and interquartile range as appropriate, and categorical
variables are summarized via counts and percentages. A detailed description
of the statistical analysis tests performed can be found in the Supplemental
Material.

Results

Patient flow and characteristics

Between April 2018 and August 2019, 128 patients scheduled for a first
or second retreatment ablation of recurrent AF were screened, and
106 patients were treated at 14 centres. Data for 106 patients were
evaluated for safety and procedural efficacy, and 103 patients for effect-
iveness. Two patients were lost to follow-up, one patient prior to the
6-month follow-up, and one patient prior to the 12-month follow-up.
The remaining patient withdrew consent prior to the 3-month follow-
up. The study flow is outlined in Figure 3. Clinical follow-ups through the
12-month visit window were available for 103 (97.2%) of the treated
patients. No deaths were reported during the 12-month follow-up
period.

Baseline characteristics for the 106 enrolled patients are shown in
Table 1. Median time from first AF diagnosis to study enrollment was
6.1 years (IQR: 3.7-9.7 years). Of the 106 patients enrolled, 79 patients
underwent a first retreatment procedure and 27 underwent a second
retreatment procedure as part of this study. The median time from the
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Figure 3 Study consort diagram. Patient enrollment and flow through the study protocol.

de novo ablation procedure to the first retreatment was 1.8 years (IQR:
0.9-3.7 years), and median time from first retreatment to second re-
treatment was 1.5 years (IQR: 1.3-5.5 years).

Procedural characteristics

All patients enrolled were treated and mapped with AcQMap upon
their index procedure (regular'® Pope and irregular arrhythmias®).
Procedural data are shown in Table 2. Of the 106 patients who under-
went treatment as part of this study (their first or second retreatment),
59% were in AF at the start of the procedure. The remaining patients

were in SR (32%), AFL (4%), AT (4%), and unknown (1%). The PVl was
confirmed in 29% of patients with the remaining 71% having between 1
and 4 veins reconnected. Following PV evaluation and re-isolation, des-
pite aggressive pacing with or without isoproterenol, AF could not be
induced in 22 patients. Six patients were non-inducible, and 16 patients
could only be induced into AFL/AT/atrial ectopy. Ablation only in the
LA was performed in 83 patients, 22 patients had both LA and right at-
rial ablation, and one (1) patient had only right atrial ablation for a
CTl-dependent AFL. Overall, CTI linear ablation was performed in
12 patients, in 11 patients during their initial AcQMap procedure, and
in one patient during a second study procedure. Mitral isthmus linear
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Table 1 Clinical characteristics

Clinical characteristics Patient cohort

(n=106)

Mean age + SD, years 63.0+10.6
Sex

Men 78 (73.6%)

Women 28 (26.4%)
BMI, kg/m? 28.7 +4.9
Time from first diagnosed AF, years, Median, (IQR) 6.1, (3.7-9.7)
Average number of cardioversions since prior ablation 1
Retreatment

First retreatment—de novo PVI only 50

First retreatment—de novo PVI + Additional 29

Ablation

Second retreatment 27
Comorbidities
Hypertension, n (%) 55 (52)
Coronary artery disease, n (%) 11 (10)
Diabetes mellitus, n (%) 10 (9)
Valvular disease, n (%) 44
Cardiomyopathy, n (%) 8 (8)
Heart failure, n (%) 1(1)
Stroke or TIA, n (%) 5(5)
COPD, n (%) 5(5)
Obstructive sleep apnea, n (%) 11 (10)
LA diameter, mm 438+68
LVEF (%) 571177
Antiarrhythmic medications at time of procedure
Class Ic, n, (%) 23 (22)
Class Ill, n, (%) 12 (11)
CHA2D2-VASc score, n (%)
0 22 (21)
1 32 (30)
2 27 (25)
>2 25 (24)

COPD, chronic obstructive pulmonary disease; LA, left-atrial; LVEF, left ventricular
ejection fraction; TIA, transient ischaemic attack.

ablation was performed in three subjects during the initial procedure.
The DCCV was performed at the end of the procedure in 64 patients,
and 31 patients were ablated to SR during the procedure.

Patients with either baseline or induced AAs were mapped using the
AcQMap system. For patients in AF, potential ablation targets were
identified and characterized as FF, LPRA, and LIA. To identify areas of
frequent occurrence, all targets were visually mapped to predefined
zones on a generic anatomic shell of an LA or RA. An example of the
three PCPs identified using the AcQMap System can be seen in Figure 4.

Left atrial targets

Zones 1-3 (1, 2, 3) were posterior and zones 4-5 (1, 2, 3) were anter-
ior, zone 6 (1, 2) represents the anterior and posterior aspects of the
roof, and zone 7 (1, 2) represents the surface below the appendage and
atop the mitral valve. There were 352 targets identified in 83 patients.

Of the 83 patients, 59 patients had targets in zone 2 and 72 patients had
targets in zone 5. Target type was 262 (74.4%) LIA, 51 (14.5%) LPRA,
and 39 (11.1%) focal. The median number of targets per patient was 4
(IQR: 3-5). Targets were evenly distributed across the anterior (51% of
all targets) and posterior (49% of all targets) LA surfaces, similarly, oc-
curring most frequently on the posterior wall between the antra of the
right and left inferior PVs (Zone 2) and anteriorly in the region between
the right superior PV antrum and 9 and 12 o’clock on the mitral valve
(Zone 5). Number of patients with a target at that site, target type, and
frequency of target by zone is detailed in Figure 5.

A similar analysis for the RA targets and corresponding schematic fig-
ure (see Supplementary material online, Figure S2) can be found in the
Supplemental Material.

Outcomes and safety

Outcomes data at 12 months was available for 103 patients. The primary
effectiveness endpoint of freedom from AF on or off AADs at 12 months
post the initial study retreatment procedure was achieved in 78 of 103
patients (75.7%). Sixty-nine of 78 patients that achieved 12-month free-
dom from AF had a single procedure resulting in a success rate of 67.0%.
Freedom from any atrial arrhythmia at 12 months on or off AADs was
59.2%. Forty-seven patients who only received a de novo PVI ablation
prior to treatment with the AcQMap System were free from AF on
or off AADs at 12 months was 91.5% (74.5% freedom from all AAs).
Single procedure success rates for the de novo PVI with AcQMap
population was 83.0% free from AF and 65.9% free from all AAs.
Additional outcome results were calculated based on retreatment (first
or second), vein status (isolated or reconnected), and non-PV targets
(absence or presence). Table 3 reports freedom from AF at 12 months
post the initial study procedure and for all study procedures performed.
Supplementary material online, Figure S1, reports AF freedom outcomes
by site. Table 4 reports freedom from all AA at 12 months post the initial
study procedure and for all study procedures performed.

A second retreatment procedure (considered single procedure fail-
ures) was performed during the study in 15 (14.6%) patients, five pa-
tients with the AcQMap System and 10 patients using a conventional
3D anatomic mapping system. On the day of retreatment, 47% were
in AF, 7% were in AFL, 13% were in AT, and 33% were in SR. The aver-
age time to a second retreatment procedure during the study was 6
months, six patients were retreated between 3 and 6 months, and
nine patients were retreated between 6 and 12 months.

Demographic and procedural predictors of 12-month freedom from
AF after a single procedure was evaluated and reported in Table 5.
Predictors of freedom from AF at 12 months following a single proced-
ure included ablation termination during the procedure and first re-
treatment following a de novo PVI-only procedure. Demographic and
procedural predictors of 12-month freedom from all AAs after a single
procedure was evaluated and reported in Table 6. Predictors of free-
dom from all AAs at 12 months following a single procedure included
first retreatment following a de novo PVI-only procedure.

For the primary safety outcome, seven adverse events (6.6%) were
reported in six patients. Five events were classified as definitely related
to the procedure (urinary tract infection, arteriovenous fistula, arterial
groin bleeding, prolonged fever, and groin pseudo-aneurysm), one
event (pericardial effusion) was classified as probably related to the pro-
cedure, and one event (gallstone cholecystitis) was classified as not re-
lated to the procedure. One (1) event, an arteriovenous fistula, was also
classified as possibly device related to usage of the AcQGuide Sheath.
The arteriovenous fistula resolved without sequelae.

Discussion

Recently reported clinical studies on the persistent AF population dem-
onstrate between 13% and 23% of persistent AF patients will opt for a
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Table 2 Procedural data

Table 2 Continued

Procedural data

Patient cohort Percentage

(n=106)
Rhythm at start of procedure, n (%)
SR 34 32.1%
AF 63 59.4%
AFL 4 3.8%
AT 4 3.8%
Unknown 1 0.9%
Procedure time, h:min (defined as time 3:18 £ 0:48
of initial femoral venous access to
end of procedure)
Total fluoroscopy time, min 25.6 +125
Treatment received during initial
procedure:
Re-isolation of the PVs 19 18.0%
Re-isolation and ablation of PCPs 56 52.8%
Ablation of PCPs alone 28 26.4%
CTI/MIL/unknown 3 2.8%
Number of veins reconnected:
0 31 29.2%
1 22 20.8%
2 30 28.3%
3 12 11.3%
4 11 10.4%
Reconnected vein (number of points):
Left superior pulmonary vein 33 31.1%
Left common pulmonary vein 8 7.5%
Left inferior pulmonary vein 36 34.0%
Right superior pulmonary vein 42 39.6%
Right inferior pulmonary vein 43 40.6%
Ablation time to re-isolate veins, min: 8:30 + 6:48
sec (n=176)
Ablation time non-PV targets, minisec  26:12 +19:18
(n=84)
Treatment to achieve terminal
rhythm at initial procedure:
SR with cardioversion (DCCV or 64 60.4%
pharmacologic)
SR without cardioversion 3111 29.2%
No ablation, DCCV or 10.4%
Pharmacologic conversion
attempted®
Continued

second procedure within the first 12 months following their initial ab-
lation.>"”""® Outcomes in persistent AF patients retreated within the
first year ranged from 43% to 50%.%'® Most patients will be retreated
due to AF recurrence, ~4—50% will be retreated due to AFL or tachy-
cardia.®® In the RECOVER AF study, the use of whole-chamber non-
contact CD mapping to guide ablation demonstrated a 67% single

Procedural data

Patient cohort Percentage

(n=106)
Rhythm at end of initial procedure:
SR 99 93.4%
AP 6 5.7%
AFL 1 0.9%

AF, atrial fibrillation; AFL, atrial flutter; AT, atrial tachycardia; CTl, cavotricuspid isthmus;
DCCV, direct current cardioversion; MIL, mitral isthmus line; PCP, pathologic
conduction pattern; PV, pulmonary vein; SR, sinus rhythm.

?One site, n = 11 patients, as standard of practice does not cardiovert patients in AF at
the end of the procedure allowing the patient to heal. Patients either self-convert or are
cardioverted between 1 and 3 months after the procedure. Four of the six patients
remaining in AF were from this site.

®Four of the six patients remaining in AF at the end of the initial procedure were from
this site.

procedure freedom from AF at 12-months follow-up in persistent AF
patients requiring ablation after a first or second failed ablation, by tar-
geting PCPs beyond the PVs. However, patients who only received a de
novo PVI prior to being treated with the AcQMap system had a single
procedure freedom from AF rate of 83% (91% with a follow-up
treatment).

Success of atrial fibrillation retreatment

with ablation beyond the pulmonary veins

Although a relatively small study, the RECOVER AF study provides
some provocative insights into arrhythmia recurrence after two or
three ablation procedures. While PVl is considered the foundation of
AF ablation, AF does recur in patients with confirmed PVI suggesting
that the arrhythmogenic nature of the patient’s substrate was unaltered
by isolation of the veins and may therefore be advantageous to target at
the earliest opportunity in patients with persistent AF. Previous studies
have suggested that ablation beyond the PVs add little clinical benefit,
which leads to physicians struggling with the question of what additional
therapy should be provided in cases where PVl is insufficient. These
previous strategies included linear lesions,”' non-PV trigger ablation,
empirical ablation of specific anatomic locations, CFAE,** and/or rotor
mapping,>>** all showing limited to no success in reducing the recur-
rence of AF. In a case series reported by Baldinger et al., among AF pa-
tients (initially treated with PVI or PVI with lines and/or CFAE), with
intact PVI returning for retreatment, those presenting with recurrent
AF were less likely to be effectively retreated (20% 12-month freedom
from AF) than those presenting with recurrent AT (67% 12-month
freedom from AT).%> The study concluded that recurrent AF despite
confirmed PV isolation may represent a population in which catheter
ablation may be less successful. However, it should be noted that due
to technical limitations in traditional mapping systems, the electrical ac-
tivation of these patients in prior studies was not studied, and therefore
not used to guide therapy. An explicit strength of the technology em-
ployed in our study allowed for the electrical activation to be directly
visualized during episodes of AF and allow clinicians to observe and
treat patient-specific PCPs, which may explain the high clinical success
(76% AF-free at 12 months) observed in this study of traditionally
difficult-to-treat patients. Other recent studies have also provided a
critical appraisal of various technologies available for AF mapping to
better ‘unravel the mechanisms and identify target sites for AF treat-
ment'?® such as the meta-analysis from Junarta et al,”’ which
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A Focal firing B

Localized partial C
rotational activity

Localized irregular
activity

Figure 4 Examples of pathologic conduction patterns within the AcQMap system. (A) Focal firing is defined as electrical activity that radially propa-
gates outward from a given position. (B) Localized partial rotational activity is propagation that rotates greater than 270 degrees around a given position.
(C) Localized irregular activity propagation that pivots and refracts (changes direction) greater than 90 degrees as it moves through a given position.

A Percent of patients with targets
in each location (n = 83)

Septal
‘ridge’

Number of patients with targets in each zone

20
75
60
45
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15

Number of patients

1 2 3 4 5 6 7
Zone of LA

& 100

Number of t.

Percent of targets
in each location (n = 352)

12.8% 16.5%

Type and frequency of targets by zone

wLIA
= LPRA
m Focal

50
25
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Zone of LA

Figure 5 Patient frequency, target type and target frequency by zone in the LA. (A) Shows the per cent of patients with targets in zone (black is per
cent of patients and red is the zone location). (B) Shows the per cent of targets located in each zone (black is per cent of patients and red is the zone
location). (C) Shows the number of patients with targets in each zone. (D) Shows the target type and frequency of occurrence in each zone.

demonstrated greater freedom from AF in patients with persistent AF
who underwent more personalized ablations vs. empiric ablations.
Measurement of activation over an anatomy to deduce arrhythmo-
genic pathophysiology and plan treatment is one of the oldest practices
in the field of patient-specific EP.”®?° However, the ability to measure
fibrillatory waves, such as in AF, is traditionally difficult due to a lack of a
stable temporal reference, which has led to several surrogate metrics
(e.g. bipolar voltage, CFAE, and rotor mapping) for identifying substrate
to be established. With the ability to measure the activation of fibrilla-
tory waves, here with the AcQMap System, clinicians can observe dir-
ect measures of pathophysiologic propagation, or substrate, and plan
treatment accordingly. The results presented here may highlight a

misclassification or oversight of this type of AF mechanism in earlier
studies where only CFAE, focal, and/or perpetual phase rotation
were considered as non-PV targets.

Pathologic conduction pattern targets vs.

posterior wall ablation

Further anatomic approaches beyond simply the PVs have been sug-
gested and trialled previously, principally posterior wall isolation
(PWI). In a mixed paroxysmal and persistent AF retreatment popula-
tion, a recently published retrospective review after a single failed abla-
tion procedure also demonstrated that empirical PWI did not confer
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Table 3 Single-procedure effectiveness outcomes at 12 months (AF-free) or all in-study procedures on or off AADs

Cohort (number of patients) Single procedure Success Failure P-value Withretreatment Success failure P-value
success procedure success
AF-free AF-free
Full cohort (103) 67.0% 69 34 n/a 75.7% 78 25 nla
De novo PVI w/AcQMap (47) 83.0% 39 8 0.0017 91.5% 43 4 0.001
PVI+w/AcQMap (56) 53.6% 30 26 62.5% 35 21
First retreatment (76) 69.7% 53 23 0.347 78.9% 60 16 0.20
Second retreatment (27) 59.3% 16 11 66.7% 18 9
No PV Reconnection (30) 60.0% 18 12 0.3626 70.0% 21 9 0.45
Reconnected Veins (73) 69.9% 51 22 78.1% 57 16
Absence of non-PV targets (21) 71.4% 15 6 0.796 81.0% 17 4 0.78
Presence of non-PV targets (82) 65.9% 54 28 74.4% 61 21

AAD:s, antiarrhythmic drugs; AF, atrial fibrillation; PV, pulmonary vein; PVI, pulmonary vein isolation.

P-value calculated using Fishers exact test, significance level is P < 0.05.

Table 4 Single-procedure effectiveness outcomes at 12 months (all atrial arrhythmia-free) or all in-study procedures on or off AADs

Cohort (number of patients) Single procedure Success Failure P-value Withretreatment Success Failure P-value
success procedure success
AA-free AA-free
Full cohort (103) 52.4% 54 49 n/a 59.2% 61 42 n/a
De novo PVI w/AcQMap (47) 66.0% 31 16 0.0055 74.5% 35 12 0.0046
PVI+w/AcQMap (56) 37.5% 21 35 46.4% 26 30
First retreatment (76) 53.9% 41 35 0.66 60.5% 46 30 0.66
Second retreatment (27) 48.1% 13 14 55.6% 15 12
No PV reconnection (30) 36.7% 11 19 0.051 46.7% 14 16 0.12
Reconnected Veins (73) 58.9% 43 30 64.4% 47 26
Absence of non-PV targets (21) 57.1% 12 9 0.81 57.1% 12 9 >0.99
Presence of non-PV targets (82) 51.2% 42 40 59.8% 49 33

AAD:s, antiarrhythmic drugs; AA, atrial arrhythmia; PV, pulmonary vein; PVI, pulmonary vein isolation.

P-value calculated using Fishers exact test, significance level is P < 0.05.

benefit over just re-isolation of the PVs at 12 months.*® These results
were supported by the CAPLA trial that similarly showed no benefit of
empirical PWI over Py 12131531 Conversely, in a direct comparison
of AcQMap-guided ablation and empirical PWI, Shi et al. demonstrated
a statistically significant difference in single procedure freedom from
AAs off AADs at 24 months of 68% vs. 46%, respectively (P=
0.043)."> The mapping data from RECOVER AF demonstrated that
while many patients had targets located in or around the posterior
wall, an equivalent number of targets were equally distributed outside
the atrial region a typical posterior box lesion set would encompass.
Both studies suggest that identifying and ablating sites beyond the pos-
terior wall may be important to achieving long-term success in de novo
and retreatment procedures.

De novo PVI + PCP targeting

The population of persistent AF patients who only received a de novo
PVI prior to enrollment is a particularly thought-provoking cohort
with a freedom from all AAs of 74.5% at 12 months when retreated
with the AcQMap System. These particularly high success rates for per-
sistent AF retreatment patients could indicate that ablation beyond the

PVs that are not informed by a patient’s activation during AF could be
deleterious to future treatment. Indeed, misguided ablation beyond the
PVs may disrupt the substrate in a manner non-characteristic to the ab
initio arrhythmogenesis, which may further complicate diagnosis and
treatment. Therefore, these results also suggest that, in the absence
of direct visualization of AF propagation, the first treatment procedure
for AF be limited to PVI alone, and in patients in whom AF recurs, the
first retreatment procedure be limited to re-isolation of PVs as needed
and targeted ablation of patient-specific pathological conduction
patterns.

Predictors of success

Multivariate predictors of freedom from AF at 12 months included pa-
tients returning for retreatment after a failed PVI-only procedure and
patients whose arrhythmia was terminated with ablation. Although
not consistently shown to predict success, AF termination has been
correlated with long-term success in de novo persistent popula-
tions.>?*> In aggregate, the addition of AcQMap-guided ablation
achieved similar results in the first and second retreatment groups.
However, when the first retreatment group was stratified by the de
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Table 5 Multivariable analysis® for a single procedure outcome of
freedom of AF at 12 months

Variable or pairwise comparison, Odds ratio  P-value®

where applicable (95% CI)

Treatment prior to enrollment: — 0.0005
First retreatment following a de novo 10.9 (3.14, 0.0002*
PVl-only procedure vs. first Retreatment 37.94)
following a de novo PVI + Procedure
First retreatment following a de novo 6.6 (1.91, 0.0028%*
PVl-only procedure vs. second 22.89)
retreatment

Ablation termination 4.7 (1.36, 0.0144

16.23)

AF, atrial fibrillation; PVI, pulmonary vein isolation.

#Variables with univariate P < 0.20 were considered for multivariable model. Stepwise
selection was used to determine variables in final model.

®Based on overall type 3 P-values or pairwise tests (denoted by *, no adjustments for
multiple comparisons were made).

novo ablation strategy (first retreatment—PVI only or first retreatment
—PVI plus additional ablation), those patients who underwent
AcQMap-guided ablation after a de novo PVI were more likely to be
AF-free at 12 months compared to patients returning for a second re-
treatment or following a failed initial procedure that included PVI plus
additional ablation. It is possible that empirical ablation outside of PVl is
proarrhythmic and creates a more complex and challenging substrate
for the retreatment procedure. These predictors of success, based
on the patient outcomes, suggest that minimizing ablations outside
the PVs by ablating patient-specific pathological conduction patterns
is associated with high clinical success rates. These findings warrant add-
itional investigation to discern the possible electrophysiological or
demographic characteristics and underscore the need for larger clinical
trials to test the hypotheses.

Post-ablation atrial tachycardias

Recurrence due to AFL and AT is not unexpected after de novo and re-
treatment ablation procedures of persistent AF. It has been shown that
the level of post-ablation flutters and tachycardias can be related to the
duration of AF, amount of prior ablation, and/or incomplete ablation
lines.>* In our study, 19 of 78 AF-free patients experienced AT recur-
rence at 12 months, 15 of whom had LPRA and/or LIA targets ablated
during their retreatment procedure. The LPRA and LIA targets are ab-
lated using a core-to-boundary strategy, which includes ablation at the
centre of the activation pattern and linear ablation to anchor the site to
an electrically inert boundary."® Additional work in the literature sug-
gests that anchoring lesions to inert boundary is likely anti-
arrhythmic.>*¢ While this ablation strategy was successfully applied
in many of the study patients, incomplete linear ablation to anchor
each ablated site may have contributed to the rate of post-ablation ta-
chycardias. Several studies have reported better outcomes after repeat
ablation for AT recurrence compared to recurrence of persistent AF.
Ammar et al. proposed that recurrence of AT is reflective of significant
substrate modification that no longer allows the tissue to sustain AF and
provides a more definitive target for ablation.>”

Study limitations

RECOVER AF was a non-randomized study design, the number of pa-
tients enrolled is relatively small, and heterogeneous in characteristics.

Table 6 Multivariable analysis® for a single procedure outcome of
freedom of all atrial arrhythmias at 12 months

Variable or pairwise comparison, Odds ratio  P-value®
where applicable (95% CI)
Treatment prior to enroliment: — 0.0005
First retreatment following a de novo 6.55 (218, 0.0008*
PVI-only procedure vs. first Retreatment 19.70)
following a de novo PVI + Procedure
First retreatment following a de novo 2.86 (1.03, 0.0434*
PVl-only procedure vs. second 7.94)
retreatment
CHADS-VASC (1-unit increase) 0.63 (0.43, 0.0163
0.92)

PVI, pulmonary vein isolation.

*Variables with univariate P < 0.20 were considered for multivariable model. Stepwise
selection was used to determine variables in final model.

®Based on overall type 3 P-values or pairwise tests (denoted by *, no adjustments for
multiple comparisons were made).

Verification of rhythm status was 48 h in duration at 3, 6, and 12
months using a continuous ECG monitor or ECG if monitor data
was not available, as is custom in most ablation studies. As these are re-
treatment patients, documentation was relatively complete as it relates
to first ablation procedure, but less so for patients undergoing a second
retreatment. These data represent outcomes obtained with a first-
generation system design and specification that has since undergone
upgrades enhancing stability of ablation catheter localization, broaden-
ing the range and type of ablation catheters operable with the system,
and incorporation of newer software algorithms for diagnosing AT and
AFL, verifying ablation lines and location of potential ablation targets.
While operators were able to target PCPs at their discretion, adding
a degree of ambiguity to assessing target stability and frequency, the re-
sults of this study are currently being used in an ongoing investigation to
parameterize and refine the automated algorithm (AcQTrack). This
tool is now more systematically being used in other clinical studies to
automatically identify these PCPs within the AcQMap system.

Conclusion

The RECOVER AF study was designed to prospectively evaluate the
safety and effectiveness of non-contact CD mapping to guide ablation
in patients returning for a first or second retreatment following AF re-
currence. Freedom from AF at 12 months following a single procedure
was 67% (76% with a follow-up treatment). Ninety-one per cent of pa-
tients who had only received a PVI ablation prior to treatment of
non-PV targets with the AcQMap System were AF-free at 12 months,
83% after a single procedure. The CD mapping identified potential tar-
gets throughout the LA substrate, highlighting the need for ablation be-
yond isolation of the PVs and posterior wall particularly when targeting
PCPs. The results presented in this study, although preliminary, suggest
the ability to identify PCPs, and guide therapy during AF is efficacious
and provides clinical capability not achievable without direct observa-
tion of propagation during AF.

Supplementary material

Supplementary material is available at Europace online.
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