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BACKGROUND: Identification and elimination of nonpulmonary vein 
targets may improve clinical outcomes in patients with persistent atrial 
fibrillation (AF). We report on the use of a novel, noncontact imaging and 
mapping system that uses ultrasound to reconstruct atrial chamber anatomy 
and measures timing and density of dipolar, ionic activation (ie, charge 
density) across the myocardium to guide ablation of atrial arrhythmias.

METHODS: The prospective, nonrandomized UNCOVER AF trial (Utilizing 
Novel Dipole Density Capabilities to Objectively Visualize the Etiology of 
Rhythms in Atrial Fibrillation) was conducted at 13 centers across Europe 
and Canada. Patients with persistent AF (>7 days, <1 year) aged 18 to 
80 years, scheduled for de novo catheter ablation, were eligible. Before 
pulmonary vein isolation, AF was mapped and then iteratively remapped 
to guide each subsequent ablation of charge density–identified targets. AF 
recurrence was evaluated at 3, 6, 9, and 12 months using continuous 24-
hour ECG monitors. The primary effectiveness outcome was freedom from 
AF >30 seconds at 12 months for a single procedure with a secondary 
outcome being acute procedural efficacy. The primary safety outcome was 
freedom from device/procedure-related major adverse events.

RESULTS: Between October 2016 and April 2017, 129 patients were 
enrolled, and 127 underwent mapping and catheter ablation. Acute 
procedural efficacy was demonstrated in 125 patients (98%). At 12 months, 
single procedure freedom from AF on or off antiarrhythmic drugs was 
72.5% (95% CI, 63.9%–80.3%). After 1 or 2 procedures, freedom from 
AF was 93.2% (95% CI, 87.1%–97.0%). A total of 29 (23%) retreatments 
because of arrhythmia recurrence were performed with average time from 
index procedure to first retreatment being 7 months. The primary safety 
outcome was 98% with no device-related major adverse events reported.

CONCLUSIONS: This novel ultrasound imaging and charge density 
mapping system safely guided ablation of nonpulmonary vein targets 
in persistent AF patients with 73% single procedure and 93% second 
procedure freedom from AF at 12 months.

CLINICAL TRIAL REGISTRATION: URL: https://www.clinicaltrials.gov. 
Unique identifier: NCT02825992 EU/NCT02462980 CN.

VISUAL OVERVIEW: A visual overview is available for this article.
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Atrial fibrillation (AF) is the most common clini-
cally diagnosed arrhythmia with considerable 
impacts on the public health.1–3 For symptom-

atic patients who fail antiarrhythmic drugs (AADs), 
pulmonary vein isolation (PVI) is the interventional ap-
proach of choice for paroxysmal AF and is commonly 
applied in de novo cases of persistent AF (PersAF).3–7 
The clinical outcomes of PVI for PersAF even with added 
empirical or anatomically targeted ablation have been 
disappointing.8,9 The effectiveness estimate of 1-year 
freedom from AF following a single catheter ablation 
(CA) procedure for PersAF is 43% increasing to 69% 
with multiple procedures on or off AADs.10 Accordingly, 
questions regarding appropriate ablation strategies for 
PersAF remain the subject of intense debate.11

One widely held view is that improvement in CA 
outcomes in PersAF would follow precise identification 
and eradication of functional drivers located at sites dis-
tant to the pulmonary veins.2,11 Because of the need to 
serially collect contact points over time, conventional 
3-dimensional voltage-based mapping systems are ill 
suited to display the continuous chaotic activation that 
is characteristic of PersAF and identify such targets.3 
Here we report on a novel, full-chamber, noncontact 
imaging and mapping system that uses ultrasound to 
reconstruct atrial chamber anatomy and an inverse 
algorithm to derive charge density (CD).12,13 Animated, 
global activation maps, referred to as CD maps, and 
having a 4-fold increment in resolution compared with 
voltage maps, are created to guide ablation therapy.12,13 
Ablation strategies are individualized per patient to 
address dynamic activation patterns identified in addi-

tion to PVI. The aim of UNCOVER AF (Utilizing Novel 
Dipole Density Capabilities to Objectively Visualize the 
Etiology of Rhythms in Atrial Fibrillation) was to exam-
ine both clinical effectiveness and safety of ultrasound 
chamber reconstruction and CD mapping to guide an 
ablation therapy strategy in PersAF.

METHODS
This study is based on proprietary technology; thus the 
data, analytic methods, and study materials will not be 
made available to investigators or researchers not involved 
in this study.

Study Design and Participants
UNCOVER AF was a prospective, single-arm, nonrandom-
ized, multicenter, premarket trial in Canada and a postmar-
ket trial in Europe. Patients aged 18 to 80 years scheduled 
for de novo ablation of PersAF, defined as sustained AF last-
ing >7 days and <1 year without electrical cardioversion, 
were recruited from 13 clinical sites in Europe and Canada. 
A full listing of sites and number of patients enrolled at 
each is provided in Appendix in the Data Supplement. 
Patients were excluded for prior history of ablation or sur-
gical intervention for any atrial arrhythmia, AF episode 
lasting longer than 12 months, left ventricular ejection 
fraction < 40% or left atrial (LA) size > 50 mm, and any 
history of documented cerebrovascular event or systemic 
embolism. The study was registered at www.clinicaltrials.
gov (NCT02825992 EU/NCT02462980 CN), complied with 
the Declaration of Helsinki, was approved by local ethics 
committees, with all participants signing informed con-
sent before study participation. Monitoring of data were 
provided by an independent clinical research organization 
(ICON plc, Dublin, Ireland).

Procedures
Comprehensive clinical history and procedural data were 
collected for each subject. Use of AADs leading up to 
the procedure followed institutional standard of care. 
Discontinuation of amiodarone for 60 days before the 
ablation was recommended. Transthoracic echocardiog-
raphy was performed within the preceding 6 months to 
determine left ventricular function and atrial dimension. 
Transesophageal echocardiography was completed within 
72 hours before the procedure to rule out atrial thrombus.

CA procedures were conducted under either conscious 
sedation or general anesthesia per institutional standard of 
care with central venous access gained and then fluoroscopic 
guidance used for trans-septal access to the LA. Following 
LA access, intravenous heparin was administered to maintain 
ACT > 350 seconds. The ultrasound and CD imaging and 
mapping catheter (AcQMap; Acutus Medical, Inc, Carlsbad, 
CA) was positioned in the LA, via a steerable sheath, to gen-
erate 3D surface reconstructions and maps of atrial activation.

The AcQMap High-Resolution Imaging and Mapping 
System (Acutus Medical, Inc) reconstructs the endocar-
dial anatomic surface and then overlays high-resolution 
CD maps of electrical activation. The chamber surface is 
sampled from 48 ultrasound transducers distributed across 

WHAT IS KNOWN?
• Catheter ablation outcomes in the persistent atrial 

fibrillation patient population are suboptimal 
when compared with the reported 1-y postindex 
procedure arrhythmia-free outcomes of 70% to 
80% seen in paroxysmal atrial fibrillation (includ-
ing atrial tachycardia/atrial flutter).

• Clinical studies in the persistent atrial fibrillation 
patient population have failed to show a differ-
ence in outcomes when more extensive ablation 
beyond pulmonary vein isolation is added.

WHAT THE STUDY ADDS?
• Noncontact charge density imaging and mapping 

to guide ablation therapy of nonpulmonary vein 
triggers in addition to pulmonary vein isolation, 
offers the potential to provide targeted treatment 
for persistent atrial fibrillation on a patient-specific 
basis with improved prognostic benefit.

• Elimination and even lowering of arrhythmia bur-
den was associated with improvement in overall 
patient health and quality of life.
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the AcQMap catheter (Figure 1) at a rate of up to 115,000 
surface points per minute. An anatomic image representing 
end-diastolic volume and shape is obtained from the points 
in <5 minutes and with limited rotation of the catheter 
(Movie I in the Data Supplement).

Following reconstruction of the anatomic shell, a CD map 
was generated during AF. If the patient did not present in AF 
at the time of procedure, arrhythmia was induced by rapid 
atrial pacing down to the atrial effective refractory period 
with or without isoproterenol. During mapping, the system 
samples the intracardiac potential field (ie, cavitary voltage) 
at 150 000 acquisitions per second from 48 noncontact elec-
trodes distributed across the AcQMap catheter splines. An 
inverse algorithm, based on Poisson equation, is then applied 
to the measured cavitary potentials to derive the distribu-
tion of positive and negative ionic charges located across the 
chamber surface.12,13 Activation maps (≈5 seconds of AF) are 
created within 2 minutes and displayed as a spatiotemporal 
window of activation history across the ultrasound-acquired 
image. The color red is used to delineate the leading edge of 
the wave front associated with the present instant of time, as 
indicated by the waveform time cursor (ie, the key wave front 
in the window of history). The trailing color bands display the 
earlier locations of the wave front within the window of his-
tory, which enables comprehension of complex conduction 
patterns. Wave front velocity can be discerned at any location 
from the width of the color bands. The result is a full-chamber 

view of high-resolution CD maps of cardiac activation that 
capture the instantaneous pattern of conduction for each 
activation cycle and enables mapping of both stable and 
unstable arrhythmias. Far-field artifacts dominant in voltage-
based mapping are reduced in CD-based maps, enhancing 
discernment of complex and irregular arrhythmias including 
AF. Figure 1 shows the design of the AcQMap catheter along 
with examples of an ultrasound-reconstructed anatomy and 
a CD map. Right atrial ablation was not mandated by the 
protocol but was allowed at physician discretion. Ablation to 
the point of noninducibility was left to the discretion of the 
physician. Procedure flow is depicted in Figure 2.

The system supports an open platform allowing the use 
of irrigated radiofrequency, force sensing radiofrequency, 
or cryothermy ablation catheters to perform PVI and target 
ablation sets. Physicians performed wide antral PVI, defined 
as delivery of encircling ablation lesions outside of the pul-
monary vein (PV) ostia to achieve complete isolation of all 
PVs with confirmation of entrance block into each vein. 
During PVI, the protocol encouraged the incorporation of 
any AcQMap-identified targets near the PVs into the wide 
antral lesion set. A minimum power of 25 to 30 W was sug-
gested with a flow rate of 15 to 30 ml/min as determined by 
the catheter manufacturer for open-irrigated radiofrequency. 
Balloon-based cryothermy was also allowed as an alternative 
for PVI. A minimum of 2 lesions with a 28-mm balloon for 3 
minutes each were required for each vein ablated.

Figure 1. The AcQMap catheter has 6 splines, each of which is populated with 8 ultrasound transducers for anatomic reconstruction (upper right) 
interspersed with 8 low-impedance, high-fidelity electrodes for recording biopotential signals to create propagation history maps (lower right). 
Dark red represents the leading edge of the activation wave front, with the trailing color bands showing earlier wave front locations. Propagation velocity can be 
discerned at any location from the width of the color bands. LAA indicates left atrial appendage; LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary 
vein; RIPV, right inferior pulmonary vein; and RSPV, right superior pulmonary vein.
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After PVI, another CD map was acquired to confirm 
consistency of abnormal conduction patterns to target 
for ablation. The protocol defined 3 discrete patterns of 
abnormal activation to be targeted based on early feasibil-
ity studies12,13 (see Results). Physicians were trained to iden-
tify these activation patterns before inclusion of patients in 
the protocol. The protocol also required that all identified 
targets of abnormal conduction patterns were ablated. If 
the target was located within 2 cm of a fixed anatomic 
boundary, its core was anchored to minimize the possibility 
of subsequent pivoting or rotation. Discrete ablation was 
performed to eliminate focal activations. The efficiency 
with which maps are created encouraged iterative map-
ping to assess resultant changes in activation following 
each energy delivery.

Follow-Up
Clinical follow-up data were collected at predischarge, 7 
days, and 1, 3, 6, 9, and 12 months. Safety was evaluated 
at each visit, and analysis of patient rhythm was completed 
at the 3-, 6-, 9-, and 12-month follow-up visits. Standard 
12-lead ECG and a 24-hour continuous ECG recording at 
each visit documented recurrence of atrial arrhythmias. 
The continuous 24-hour ECG monitor was a P-wave cen-
tric patch monitor, designed to discriminate between atrial 
and ventricular activity. A core laboratory (Ingress Global, 
Grantham, United Kingdom) analyzed and reported all 
24-hour ECG monitor recordings. Per protocol, recurrence 
of AF, atrial flutter (AFL), or atrial tachycardia (AT) outside of 
required visits was documented by ECG, 24-hour continu-
ous ECG monitor, or Holter and recorded as an unscheduled 
visit. A 3-month blanking period was used during which 
recurrences of AF/AFL/AT were not counted as failures as 
per standard guidelines.3,5 In contrast to previous stud-
ies,6,14,15 repeat ablation was not allowed during the blank-
ing period. Retreatment reset the 3- and 6-month follow-up 
schedule; the 12-month follow-up visit was timed from the 
index procedure. Continuation of AAD therapy and the use 
of cardioversion were used to maintain sinus rhythm (SR) 
throughout the 3-month blanking period in accordance 
with standards of care, but discontinuation of AAD was 

encouraged thereafter. A repeat transthoracic echocardiog-
raphy was performed at the 12-month visit.

Outcomes
The primary safety outcome of the study was freedom 
from device/procedural complications within 24 hours of 
the start of the CA procedure. Prespecified major adverse 
events (MAEs) were death, cardiac perforation/tampon-
ade, cerebral infarction, transient ischemic attack or sys-
temic embolism, major bleeding, mitral or tricuspid valve 
damage, and serious adverse events adjudicated as prob-
ably related to the AcQMap System. Sites were required to 
report all clinical adverse events throughout the follow-up 
period. An independent clinical events committee reviewed 
all adverse events for seriousness and procedure or device 
relatedness.

The primary effectiveness outcome was freedom from AF 
>30 seconds (symptomatic or asymptomatic) at 12 months 
after the index procedure with or without AADs. Secondary 
outcomes included freedom from atrial arrhythmia >30 sec-
onds (symptomatic or asymptomatic) off AADs; freedom from 
atrial arrhythmias >30 seconds (symptomatic or asymptom-
atic) after 2 procedures; acute efficacy outcome, defined as 
procedural conversion to SR within 12 hours of the index pro-
cedure; AF burden as determined from the combined Holter 
recordings from each patient through 12 months.

Patient quality of life was assessed at each follow-up 
visit using Atrial Fibrillation Effect on Quality of Life (AFEQT) 
disease-specific questionnaire. This outcome measure evalu-
ates daily activities, treatment concerns, and satisfaction with 
treatment from patients’ perspectives providing a discrete 
overall score. Treatment satisfaction is presented as a sepa-
rate subscore. Scores range from 0 to 100. A score of 0 cor-
responds to complete disability; a score of 100 corresponds 
to no disability.

Statistical Analysis
The study required a sample size of 125 patients to achieve 
the safety objective within a margin of error of 3.89% (ie, 
a 95% CI half-width), assuming the observed proportion 

Figure 2. Procedural flow. 
The procedural end point was the electrical 
isolation of the pulmonary veins and elimination 
or modification of the sites with activation pat-
terns. Cardioversion was performed if the final 
procedural rhythm was not converted to sinus 
rhythm (SR). AF indicates atrial fibrillation; PV, 
pulmonary vein; and PVI, pulmonary vein isola-
tion. *Focal, rotational, and irregular activation.
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of patients who are free from device/procedure-related 
MAEs that occur within the first 24 hours post-proce-
dure is 96.0%. Descriptive statistics were used for all 
additional outcomes. Baseline and demographic char-
acteristics, including a detailed arrhythmia history, were 
summarized for all patients in the safety population and 
effectiveness outcomes for all patients in the treatment 
population. Continuous variables are presented as mean, 
SD, median, and interquartile range if applicable, and cat-
egorical variables are summarized via counts and percent-
ages. Freedom from AF or atrial arrhythmia is represented 
by Kaplan-Meier curve analysis. Multivariate logistic 
regression was used to identify outcome predictors at 12 
months. Change scores from baseline to 12 months were 
calculated for the AFEQT symptom severity, daily activity, 
treatment concerns, satisfaction with treatment, and total 
burden score domains. Kendall Tau rank correlation was 
used to measure the relationship between AFEQT domain 
scores and total atrial Burden. Analyses were performed 
with SAS, version 9.4 (SAS, Inc, Cary, NC). Statistical sig-
nificance was established at P<0.05.

RESULTS
Patient Flow and Characteristics
Between October 2016 and April 2017, 141 patients 
scheduled for de novo CA of PersAF were screened, 
and 129 patients were enrolled at 13 centers (Table I in 
the Data Supplement). The procedure was terminated 
for clinical reasons in 2 patients. As such, data for 129 
patients were evaluated for the safety outcome, while 
data for 127 patients were analyzed for procedural 
effectiveness outcomes. The study flow is outlined in 
Figure 3. Clinical follow-up data through the 12-month 
visit window were available for 121 (95.3%) patients. 
No deaths were reported during the 12-month follow-
up period.

Baseline characteristics of the 129 enrolled patients 
are shown in Table 1. The time from onset of first diag-
nosed PersAF, defined as continuous AF for at least 7 
days and ≤1 year, to the point of patient screening was 

Figure 3. Study consort diagram.
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1.94±3.1 years. The average number of failed AAD 
before CA was 0.9. At screening, the average number 
of days since the most recent cardioversion was 277 
(±393.1), and the average number of days since AF 
recurred post-cardioversion was 138 (±139.6). At study 
start, all 129 patients were confirmed to have PersAF. 
Transthoracic echocardiography performed ≤6 months 
before the index procedure demonstrated a mean LA 
diameter of 43.0±4.1 mm at baseline and 42.1±6.2 
mm at the 12-month follow-up visit.

Procedural Characteristics
Procedural data are shown in Table  2. Of the 127 
patients who underwent CA, 63% were in AF at the 
start of the procedure. In the other 37% of patients, AF 
was induced, before PVI, by rapid atrial pacing. Cardio-
version was performed at procedure end on 85 of 125 
(68%) patients, while 40 of 125 (32%) either sponta-

neously converted to SR or converted during ablation 
energy delivery. In 28 patients, other SVT rhythms (AFL/
AT) were recorded during the procedure (spontane-
ous or induced during ablation; Table 3). Six subjects 

Table 1. Description of Baseline Clinical Characteristics of Patients

Clinical Characteristics Safety Cohort (n=129)

Mean age±SD, y 62.4±8.6

Sex  

        Men, n (%) 97 (75.2)

        Women, n (%) 32 (24.8)

BMI, kg/m2 29.2±4.7

Onset of first diagnosed AF, y 3.21±3.93

        Onset of first diagnosed PersAF, y 1.94±3.13

Average number of failed AADs 0.9±0.8

Cardioversions in the past 2 y per patient 1.3±1.0

Comorbidities  

Hypertension, n (%) 74 (57)

Coronary artery disease, n (%) 16 (12)

Diabetes mellitus, n (%) 14 (11)

Valvular disease, n (%) 13 (10)

Cardiomyopathy, n (%) 6 (5)

Heart failure, n (%) 5 (4)

LA diameter, mm 43.0±4.1

LVEF, % 57.6±7.2

Antiarrhythmic medications  

        Class Ic 16 (12.4)

        Class III 32 (24.8)

CHA2DS2-VASc score, n (%)  

        0 30 (23)

        1 40 (31)

        2 36 (28)

        3 15 (12)

        4 8 (6)

Data are mean (±SD), n (%). AAD indicates antiarrhythmic drug; AF, atrial 
fibrillation; BMI, body mass index; LA, left atrium; LVEF, left ventricular ejection 
fraction; and PersAF, persistent atrial fibrillation.

Table 2. Description of Mapping and Ablation Procedure

Procedural Data

 
Procedural Cohort 

(n=127)* Percentage

Procedure time, h (first stick to 
catheter removal)

4.1±1.1
 

Total fluoroscopy time, min 31.1±12.9  

Time to create atrial anatomy, min 4.3±2.0  

Ablation time PVI, min 30.5±11.8  

Ablation time non-PVI targets, min 23.8±17.7  

Acute conversion to SR 125 98%

        With cardioversion 85/125 68%

        Without cardioversion 40/125 32%

Anesthesia, %
General

Conscious 
sedation

 54% 46%

PVI indicates pulmonary vein isolation; and SR, sinus rhythm.
*All values are mean±SD, n (%).

Table 3. Description of Non-AF Rhythm per Patient Incidence and 
Patient Pattern Distribution

Non-AF Rhythm per Patient Distribution

 
Procedural Cohort 

(n=127)* Percentage

CTI-dependent AFL 7/127 5.5%

Non-CTI AFL 16/127 12.6%

AT 9/127 7.1%

CTI ablation 8/127 6.3%

Mitral isthmus line 12/127 9.4%

Additional linear lines 19/127 15%

Pattern location   

        AP1 4/127 3.1%

        AP2 4/127 3.1%

        AP3 7/127 5.5%

        AP4 3/127 2.4%

        AP7 1/127 0.8%

        PA3 2/127 1.6%

        PA4 1/127 0.8%

        PA7 1/127 0.8%

        PA8 1/127 0.8%

        PA9 2/127 1.6%

        PA10 3/127 2.4%

        PA11 3/127 2.4%

        PA12 4/127 3.1%

AF indicates atrial fibrillation; AFL, atrial flutter; AT, atrial tachycardia; and 
CTI, cavotricuspid isthmus.

*All values are mean±SD, n (%).
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remained in AFL/AT at procedure end and were cardio-
verted to SR. The remaining 22 patients were either 
ablated to SR or reverted to AF requiring cardioversion. 
Within 12 hours of the procedure, 125 patients (98%) 
had successfully converted to SR. Two patients remained 
in AF post-procedure, with 1 spontaneously converting 
to SR at 8 days and then remaining in SR through the 
12-month follow-up; 1 patient remained in AF and was 
retreated 5 months later. PVI and substrate modifica-
tion were performed in 125 patients. Two patients had 
PVI alone because of the absence of non-PV targets and 
the noninducibility of AF by atrial burst pacing despite 
isoproterenol. For the 38 patients who did not require 
cardioversion, on average, 2.4±1.5 additional ablation 
cycles (map/ablate) were delivered before conversion. 
The remaining 85 patients who were cardioverted, an 
additional 3.4±1.4 ablation cycles (map/ablate) were 
delivered before conversion. Cavotricuspid isthmus 
ablation was performed in 8 patients. Other linear abla-
tion is detailed in Table 3.

Throughout the procedure, 3 distinct subcategories 
of abnormal conduction patterns with atrial origins 

were observed: (1) localized irregular activation (LIA) 
where the activation displayed repetitive, multidirec-
tional entry, exit, and pivoting conduction through and 
around a confined (isthmus like) zone; (2) focal requir-
ing at least 3 firings from the same location; and (3) 
localized rotational activation spiraling >270 degrees 
around a confined central zone. There were 710 unique 
atrial activation patterns identified during the 127 
index procedures. Details of the patterns are shown in 
Figure 4. Of the patterns identified, 313 (44.1%) were 
LIA, 220 (31.0%) were focal, and 177 (24.4%) were 
localized rotational activation. The average number of 
patterns identified per patient was 5.0±3.4. Locations 
of patterns are shown in Figure 4 with the number and 
percentages of patterns per location shown in Table 3. 
AP3—the area anterior to the right superior PV—
demonstrated the greatest number of activation pat-
terns, 63 (20.1%) LIA, 48 (21.8%) focal, and 39 (22%) 
localized rotational activation. Mapping and targeting 
abnormal right atrial conduction patterns was not man-
dated by the protocol. Details of abnormal AF pattern 
distributions are shown in Table 4.

Figure 4. Cardiac image and mapping. 
The cardiac anatomy is partitioned into 12 quadrants. The quadrant and number of activation patterns of interest identified per location are displayed. A repre-
sents focal activity characterized by radial conduction from a single location; B shows localized rotational activation characterized by ≥270 degrees of conduction 
around a fixed, confined zone, whereas C shows localized irregular activation characterized by repetitive, multidirectional entry, exit, and pivoting conduction 
through and around a fixed, confined zone. AP indicates anteroposterior; LAA, left atrial appendage; LIPV, left inferior pulmonary vein; LSPV, left superior pulmo-
nary vein; MV, mitral valve; MVA, mitral valve annulus; PA, posteroanterior; RIPV, right inferior pulmonary vein; and RSPV, right superior pulmonary vein.
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Outcomes
For the primary safety outcome, 3 MAEs were adjudi-
cated by the clinical events committee to be probably 
related to the procedure; 126 of 129 (98%) study sub-
jects were MAE free (95% CI, 94%–100%). Cardiac 
tamponade developed in 2 patients, and 1 patient had 
a stroke, which resolved after 5 days. There were no 
reported MAEs related to the use of the system. How-
ever, 3 additional serious adverse events were reported 
in 3 subjects and adjudicated to be related to proce-
dure. One was related to air embolism introduced via 
the steerable sheath positioned in the LA that led to 
ventricular fibrillation. The patient was immediately 
defibrillated and recovered fully without further inter-
vention. The other 2 were a femoral arteriovenous fis-

tula and a femoral lymphocele. Total procedural compli-
cation rate was 6/129 (4.6%). Major complications are 
listed in Table 5.

For the effectiveness outcomes, Table 6 reports free-
dom from AF and atrial arrhythmias at 12 months. The 
primary effectiveness outcome for a single procedure 
indicated 72.5% (95% CI, 63.9–80.3) of patients were 
free from AF, on or off AADs, and 59.2% (95% CI, 
50.4–68.0) were free from AF off AADs at 12 months. 
After 2 procedures, 93.2% (95% CI, 87.1–97.0) were 
AF-free on or off AADs, and 71.2% (95% CI, 63.0–
79.4) off AADs at 12 months post-index procedure 
(Figure 5).

Retreatment procedures were performed on 29 
(23%) patients, 20 with the AcQMap system and 9 
using a conventional approach. On the day of retreat-
ment, (6/29) 21% of total population of patients 
were in AF, (6/29) 21% in AFL, (4/29) 14% in AT, 
and (13/29) 45% were in SR. The average time from 
index procedure to first retreatment was 7 months. 
Although not permitted by the protocol, 1 patient 
did receive a retreatment procedure during the blank-
ing period. This patient remained in SR through 12 
months and was considered a first procedure failure 
and first and second procedure success. Between 3 
and 6 months, 12 patients were retreated, 13 retreat-
ments occurred between 6 and 9 months, and 3 
retreatments after the 9-month cutoff date (Figure 3). 
Retreatment after the 9-month follow-up was consid-
ered a protocol deviation; therefore, the 3 patients 
were censored from the results.

Demographic and procedural predictors of 12 
months of the effectiveness outcome following a single 
procedure are presented in Table 7. Procedural predic-
tors included the ablation of 3 to 4 activation patterns 
(focal, localized rotational activation or LIA), presen-

Table 4. Description of the Location and Incidence of Identified 
Patterns for All Study Patients

Anatomic 
Location

LIA 
(n=313)

Focal 
(n=177)

LRA 
(n=220)

Total 
API/Site 
(n=710)

Patients 
With 

Pattern 
(n=127)

AP1 33 (10.5) 17 (7.7) 17 (9.6) 67 (9.4) 51 (40.2)

AP2 17 (5.4) 16 (7.3) 12 (6.8) 45 (6.3) 37 (29.2)

AP3 63 (20.1) 48 (21.8) 39 (22) 150 (21.1) 89 (70.1)

AP4 39 (12.5) 31 (14.1) 17 (9.6) 87 (12.3) 50 (39.4)

AP5 1 (0.3) 2 (0.9)  3 (0.4) 3 (2.4)

PA6   1 (0.6) 1 (0.1) 1 (0.8)

PA7  1 (0.5) 1 (0.6) 2 (0.1) 1 (0.8)

PA8 3 (1.0) 6 (2.7) 3 (1.1) 12 (1.7) 10 (7.9)

PA9 49 (15.7) 26 (11.8) 28 (15.8) 103 (14.5) 68 (53.5)

PA10 56 (17.9) 25 (11.4) 17 (9.6) 98 (13.8) 73 (57.5)

PA11 37 (11.8) 30 (13.6) 32 (18.1) 99 (13.9) 63 (49.6)

PA12 15 (4.8) 17 (7.7) 11 (6.2) 43 (6.1) 34 (26.8)

All values are n (%) per region by pattern type. LIA indicates localized 
irregular activation; and LRA, localized rotational activation.

Table 6. Description of the Chronic Efficacy Outcomes at 12 mo

Efficacy Variable 12 mo, %

Freedom from >30 s AF after 1 procedure, with or 
without AAD

(72.5)

Freedom from >30 s AF after 1 procedure without 
AAD

(59.2)

Freedom from >30 s atrial arrhythmias after 1 
procedure, with or without AAD

(69.2)

Freedom from >30 s atrial arrhythmias after 1 
procedure, without AAD

(55.8)

Freedom from >30 s AF after multiple procedures, 
with or without AAD

(93.2)

Freedom from >30 s AF after multiple procedures 
without AAD

(71.2)

Freedom from >30 s atrial arrhythmias after 
multiple procedures, with or without AAD

(86.4)

Freedom from >30 s atrial arrhythmias after 
multiple procedures, without AAD

(66.1)

AAD indicates antiarrhythmic drug; and AF, atrial fibrillation.

Table 5. Description of the Safety Data

Major Complications

Study-defined MAEs n

        Death 0

        Cardiac tamponade 2

        Stroke/TIA 1

Procedural serious adverse events  

        Phrenic nerve injury 0

        Esophageal dysfunction 0

        Atrial esophageal fistula 0

        Symptomatic pulmonary vein stenosis 0

        Air embolism causing ventricular fibrillation 1

        Femoral arteriovenous fistula 1

        Lymphocele right groin 1

MAE indicates major adverse event; and TIA, transient ischemic attack.
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tation at the index procedure in SR, and the ablation 
of at least 2 or 3 pattern types. Demographic predic-
tors included fewer days since AF diagnosis and lower 
CHADS2 score.

AF burden, defined as total time spent in AF/AFL/
AT >30 seconds, captured on 24-hour continuous 
ECG monitor, was low following single and multiple 
procedures. Following a single procedure, 81% of 
patients had 0 episodes of AF/AFL/AT lasting >30 sec-
onds, and 98% of patients spent <30% of time in an 
atrial arrhythmia. After 1 and 2 procedures, 68% of 
the patients had 0 episodes of AF/AFL/AT >30 sec-
onds, with 87% having ≤30% burden. Burden data 
are shown in Figure 6. Kaplan-Meier curves were con-
structed for single and multiple procedures illustrating 
the time to first recurrence of AF or atrial arrhythmia, 
retreatment, or cardioversion after the 3-month visit 
(Figures 7 and 8).

AFEQT change scores from baseline to 12 months 
showed meaningful improvement (exceeding the 
minimal important difference of 19 points in AFEQT 
scores),16 in the total burden score for patients in SR 
compared with those who were in an atrial arrhythmia 
(P=0.02; Figure I in the Data Supplement). The symp-
tom severity, daily activity, treatment concern, and 
treatment satisfaction domain scores similarly dem-

onstrated meaningful improvement for patients in SR 
at 12 months (P=0.02, P=0.04, P=0.03, and P=0.002, 
respectively). Patients not in SR at 12 months also 

Figure 5. Chronic efficacy outcome following a 
single procedure, on and off antiarrhythmic drug 
(AAD). 
Values based on 24-h continuous ECG monitoring. 
Retreatments were not allowed during the initial 3-mo 
blanking period. AF, atrial fibrillation

Table 7. Description of the Demographic and Procedural Predictors 
at 12-mo Arrhythmia-Free Success Based on 24-h Continuous Holter 
Monitoring

Predictor
Odds Ratio 

(95% CI) P Value

Presenting to index procedure in SR 5.12 (1.87–14.05) 0.002

CHADS2 score of 3 3.03 (1.24–7.43) 0.015

At least 2 of 3 pattern types ablated 
(focal, LRA, LIA)

2.84 (1.16–6.94) 0.02

<534 d since AF diagnosis 2.50 (1.0–6.21) 0.05

3–4 focal, LRA or LIA patterns ablated 9.39 (2.0–44.09) 0.004

AF indicates atrial fibrillation; LIA, localized irregular activation; LRA, 
localized rotational activation; and SR, sinus rhythm.

Figure 6. Atrial fibrillation burden before and after catheter ablation. 
A, Atrial burden. Following a single catheter ablation (CA), 89% of patients 
had 0 episodes of atrial fibrillation (AF) lasting >30 s across the sum of avail-
able continuous 24-h ECG monitor data collected at 3, 6, 9, and 12 mo. No 
patient experienced >50% AF on all continuous ECG monitoring combined 
over all follow-ups, indicating patients transitioned from persistent AF to 
paroxysmal atrial fibrillation (PAF). B, After 1 or 2 procedures, >80% of the 
patients in this study had no episodes of AF >30 s. Average total recording 
duration was 85 h for single procedure and 83 h for 1 or 2 procedures. AF 
indicates atrial fibrillation; AFL, atrial flutter; and AT, atrial tachycardia.
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showed improvement in the symptom severity and 
treatment satisfaction domains. When correlated with 
the AF burden score, the AFEQT measures of total bur-
den, symptom severity, daily activity, and treatment sat-
isfaction improved as burden was reduced (P=0.004, 
P=0.02, P=0.006, and P=0.03, respectively).

DISCUSSION
CA outcomes in the PersAF patient population are 
suboptimal when compared with the reported 1-year 
postindex procedure arrhythmia-free outcomes of 70% 
to 80% seen in paroxysmal AF (including AT/AFL). Per-
sAF represents an advanced patient population in which 
atrial structural remodeling and fibrosis promotes main-
tenance of AF,17,18 The most recent guidelines for AF abla-
tion identify the minimal chronic acceptable 12-month 
AF-free off AAD outcome for PersAF at 40%.3 The 
12-month off AAD, single procedure, AF-free outcomes 
observed in UNCOVER AF were 59.2% and 71.2% 
after 2 procedures, which exceeded the standard and 
provided results consistent with prior publications for 
paroxysmal AF.14,15,19 STAR AF II (Substrate and Trigger 
Ablation for Atrial Fibrillation Reduction Trial II)20 and 

CHASE AF (Catheter Ablation of Persistent Atrial Fibril-
lation)9 established PersAF single procedure, on or off 
AAD, arrhythmia-free outcomes at 18 and 12 months, 
respectively, of 37% to 50% regardless of ablation strat-
egy (PVI or empirical PVI Plus). In recent CA studies in 
the PersAF population, when contact force technologies 
or cryoballoon applications were used, single procedure 
off AAD AF-free outcomes ranged between 60% and 
64%.21,22 In contrast to the trials cited, which had the 
benefit of mature technologies and extensive device 
experience, the majority of investigators in UNCOVER 
AF had no prior experience with CD mapping. CD map-
ping revealed conduction patterns outside the pulmo-
nary veins in all but 2 patients. Application of the map, 
ablate, remap strategy used in the study demonstrated a 
progression in reduction of pattern complexity through 
the ablation cycles. As more widespread experience and 
understanding of iterative CD mapping and adaptive 
ablation accrues, the potential exists to advance the AF-
free outcomes beyond 60%.

The results of the DISCERN AF trial motivate consid-
eration of a broader definition in patient outcomes in 
the PersAF population.23 Specifically, DISCERN AF dem-
onstrated that, after ablation, a daily arrhythmia burden 

Figure 7. Freedom from atrial arrhythmias. 
Kaplan-Meier estimate of freedom from all doc-
umented arrhythmias (on or off antiarrhythmic 
drug) for a single procedure. A 3-mo blanking 
period was implemented. Data were censored at 
12 mo. AF indicates atrial fibrillation; AFL, atrial 
flutter; and AT, atrial tachycardia.

Figure 8. Freedom from atrial arrhythmias. 
Kaplan-Meier estimate of freedom from all doc-
umented arrhythmias (on or off antiarrhythmic 
drug) for multiple procedures. A 3-mo blanking 
period was observed. Data were censored at 
12 mo. AF indicates atrial fibrillation; AFL, atrial 
flutter; and AT, atrial tachycardia.
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of >35% led to a progressive decrease in daily activity. 
The authors concluded that hours, not minutes, of daily 
arrhythmia burden impacted daily activity. In UNCOVER 
AF, after a single procedure, 90% of patients had no 
recorded episodes of AF/AFL/AT and 98% had <30% 
arrhythmia burden. The reduced levels of arrhythmia 
burden after CA were significantly associated with a 
clinically meaningful improvement in overall health sta-
tus and quality of life as measured by the AFEQT. These 
studies suggest that both eliminating and lowering 
arrhythmia burden post-ablation provides clinical ben-
efit in a PersAF population—a hypothesis that warrants 
further research.

The unique differentiator in this study was the use of 
noncontact CD mapping with iterative mapping capa-
bility to identify patient-specific areas of interest outside 
the pulmonary veins. Focal and rotational activation 
patterns have been previously described using conven-
tional, contact, voltage-based mapping systems.11,22,24,25 
The key advantage of CD mapping is the ability to glob-
ally discern both focal and rotational patterns, as well as 
other more complex patterns characterized by localized 
changes in conduction velocity, direction, and wave front 
pivoting (LIA).12,13 Earlier work has shown the consisten-
cy of targets in occurring within the atria when remap-
ping is performed.12,13,26 CD-guided ablation resulted in 
prolongation of the fibrillatory cycle length in 99% of 
subjects, with 55% of subjects having a >50-ms change 
in cycle length. Predictors of SR at 12 months included a 
2.8× higher likelihood when at least 2 of 3 pattern types 
were ablated during the procedure and a 9.4× higher 
likelihood when 3 to 4 focal, rotational, or irregular pat-
terns were ablated. In the future, iterative mapping and 
adaptive ablation may lead patient-specific stratification 
of patterns according to clinical relevance.

Limitations include a nonrandomized design limit-
ing the generalizability of the results. Second, verifica-
tion of rhythm status was 24 hours in duration at each 
scheduled follow-up and by ECG, 24-hour continuous 
ECG monitor, or Holter at unscheduled follow-ups as 
compared with an implantable loop recorder, which 
measures AF burden continuously; therefore, this study 
may reflect an overinflation of outcome rates. Third, no 
assessment of AF burden was made at baseline; there-
fore, delineation of AF persistence was based on patient 
medical history. Fourth, the need for retreatment was 
attributed to AF, which, because lack of documenta-
tion, may have been AFL or AT. Finally, these data rep-
resent outcomes obtained with a first-generation sys-
tem design and specification that has since undergone 
upgrades enhancing stability of ablation catheter local-
ization and broadening the range and type of ablation 
catheters operable with the system.

In conclusion, we report for the first time, rapid 
global iterative mapping to guide adaptive ablation 
therapy in a PersAF population. Procedural outcomes 

were based on durably ablating neither too little nor 
too much, suggesting that PVI plus ablation of individ-
ualized, patient-specific non-PV targets provides ben-
efit to conventional approaches. Elimination and even 
lowering of arrhythmia burden was associated with 
improvement in overall health and quality of life. Identi-
fication and characterization of such targets provides a 
platform for a greater understanding of disease patho-
physiology27 and the possibility of positive impacts on 
the natural history of the disease.28,29
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