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BACKGROUND: A multielectrode saline-irrigated radiofrequency balloon catheter with an integrated camera system was designed
to perform single-shot pulmonary vein (PV) isolation. To optimize ablation, simultaneous circumferential radiofrequency
energy can be delivered, albeit with power output that is tailored to individual electrodes based on direct visualization of
tissue-electrode contact. In a first-in-human multicenter clinical trial, we studied the feasibility, performance, safety, and
efficacy of PV isolation using this novel ablation catheter to treat atrial fibrillation.

METHODS: AF-FICIENT-1 was a prospective, 5-center, single-arm study. After transseptal puncturegthe radiefrequency balloon
was positioned over the wire at each pulmonary (PV) ostium using a 13.3F sheath. Radiofrequency ¢ e’?*gy’\ﬂ?as titrated based
on visual contact (6—10 W; up to 60 seconds per ablation). Electrical PV isolation was confirmed using either, (1) sensing
mini-electrodes situated on the RF balloon itself or (2) a circular mapping catheter. Patients were clinically assessed for
recurrent atrial arrhythmias lasting>30:s over 12 months; after a 3-month blanking period:

RESULTS: Six operators performed de novo PV isolation in 99 patients (95 paroxysmal/4 persistent; age, 58+11; men, 67.7%). Median
times, including procedure, fluoroscopy, ablation (time from first RF to last RF application), and balloon (time elapsing between
catheter introduction to removal from the body) times, were 85 (interquartile range, 62-118), 14 (interquartile range, 9-23), 31
(interquartile range, 20-63), and 43 minutes (interquartile range, 82-70), respectively. The 12-month Kaplan-Meier estimates of
freedom from any atrial arrhythmia (atrial fibrillation, atrial flutter, or atrial tachycardia) or atrial fibrillation alone were 775% (95% Cl,
67.6%-84.7%) and 84.1% (95% Cl, 74.9%-90.1%), respectively. There were no device-related serious adverse events.

CONCLUSIONS: The novel radiofrequency balloon-catheter allowed visually guided, directional titration of ablative energy to
safely isolate PVs with short procedure times.

REGISTRATION: URL: https://www.anzctrorg.au; Unique identifier: ACTRN12615001340527.
GRAPHIC ABSTRACT: An online graphic abstract is available for this article.
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the cornerstone of the catheter ablation procedure ~ have been developed to facilitate the procedure. Three

Electrical pulmonary vein (PV) isolation (PVI) forms  complexity, a multitude of technological advancements
for atrial fibrillation (AF)." Because of its technical ~ of these have received regulatory approval in the United
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WHAT IS KNOWN?

¢ Electrical isolation of the pulmonary veins remains
the cornerstone of ablation therapy for atrial fibril-
lation with a multitude of technological advance-
ments developed to facilitate the procedure.

* The most commonly used ablation modalities
include point-by-point radiofrequency ablation
allowing operators flexibility to tailor each lesion
and single-shot cryoballoon ablation.

WHAT THE STUDY ADDS

¢ In a first-in-human, multicenter clinical experience,
novel visually guided radiofrequency balloon cath-
eter ablation was demonstrated to be feasible in
achieving pulmonary vein isolation in patients with
paroxysmal atrial fibrillation.

¢ The ablation system allowed the operator to opti-
mize a circumferential ablation path with integrated
cameras to visually identify electrodes in contact
with tissue and deliver individually titrated ablative
energy simultaneously from all selected electrodes.

Nonstandard Abbreviations and Acronyms

AF atrial fibrillation

AFL atrial flutter

AT atrial tachycardia

IQR interquartile range

PV pulmonary vein

PVI pulmonary vein isolation
RFA radiofrequency ablation
RFB radiofrequency balloon

SAE serious adverse event

States: spot radiofrequency ablation (RFA) catheters for
point-by-point ablation, cryoballoon ablation for one-shot
PVI, and visually guided laser balloon ablation.* The first
of these, the most commonly used AF ablation modality,
retains the greatest flexibility in allowing power titration
according to tissue thickness and safety considerations.
Furthermore, point-by-point RFA has been improved by
the advent of saline irrigation to improve lesion safety
and efficacy and force sensing to facilitate tissue contact
during ablation.25¢ However, these advances have largely
focused on improving the quality of individual lesions and
less so on the technical ease of creating contiguous,
electrically durable point-by-point lesion sets. Hence, this
ablation modality remains technically challenging.

The single-shot PVI capability of the cryoballoon
catheter provides for technical simplicity and speed and
results in an identical amount of ablative energy delivery
circumferentially® This necessarily translates to either
underablation of thicker tissue or overablation of thinner
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tissue, often the posterior left atrial wall potentially over-
lying the esophagus. The laser balloon is also a single-
shot PVI tool in the sense that it provides a platform to
allow visually guided placement of contiguous lesions.*
While this sequential placement of lesions permits the
operator to tailor the energy to the tissue, it can be labori-
ous to place the multiple 20-s lesions required to isolate
each PV. Thus, while the clinical safety and efficacy data
with the laser balloon are favorable, its utilization is sub-
stantially less than other technologies.

In an effort to coalesce the strengths of these various
ablation tools into a single ablation technology, a multi-
electrode saline-irrigated radiofrequency balloon (RFB)
catheter with an integrated camera system was designed
to perform single-shot PVI. This RFB catheter has (1) a
balloon design to allow a stable platform without going
into the vein for delivering RF energy irrespective of
whether the catheter is perpendicular to the long axis of
the PV, (2) an array of 18 saline-irrigated RFA electrodes,
arranged to optimize a circumferential ablation path, (3)
integrated cameras such that the operator can visually
identify which electrodes are in contact with tissue, and
(4) the ability to simultaneouslysdeliver ablative energy
from all of these electrodes, Wifh\.hjbg}}g@ndent power out-
put control for each electrode. In a first-in-human multi-
center clinical trial of first-time ablation for paroxysmal
AF, we studied the performance, safety, and efficacy of
PVI using this novel RFB catheter.

METHODS

This study-was-conducted-in-accordance-with the Declaration
of Helsinki and was approved by the ethics committees and
local regulatory agencies at all participating sites/countries.
Informed consent was obtained from all subjects before enroll-
ment..The ‘authors had-full'access to-and take responsibility
for the integrity of the data and have read and agree with the
manuscript as written.

Study Design

AF-FICIENT 1 (https://www.anzctrorg.au; unique identifier:
ACTRN12615001340527) was a first-in-human, prospec-
tive, multicenter, single-arm, clinical study of the RFB ablation
catheter (developed by Apama Medical, Inc; later acquired by
Boston Scientific, Inc) for the treatment of symptomatic par-
oxysmal AF. The study enrolled patients in Paraguay, New
Zealand (2 sites), Czech Republic, and Lithuania. Subjects were
followed for 12 months post-procedure. The clinical data were
collected and recorded in an electronic database and moni-
tored at regular intervals.

This study was originally designed as a first-in-human
protocol to assess its feasibility and safety in 30 patients. An
interim analysis of the study data from the initial series (phase
l, March to December 2016) confirmed a favorable safety pro-
file and superior performance in achieving PVI. Accordingly,
the protocol was amended to increase the sample size: a first
amendment to increase the sample size to 50 patients and a
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subsequent amendment to increase to 100 patients, along with
the addition of a statistical plan including hypothesis testing.

The safety and effectiveness of the RFB catheter system
was assessed in 2 phases. Phase | was the first-in-human
experience to evaluate device safety (patients 1-18). Within
phase |, the system was enhanced by addition of a bidirectional
sheath and incorporation sensing electrodes into the RFB
catheter. After completing phase |, the number of patients was
increased as above (phase |l, patients 19-100).

Patient Enrollment Criteria

Briefly, eligible patients were adults undergoing a first-ever
ablation procedure for symptomatic paroxysmal AF. Key exclu-
sion criteria included left ventricular ejection fraction <30%,
left atrium >55 mm, hypertrophic cardiomyopathy, stroke within
3 months, severe chronic obstructive airways disease, severe
renal impairment, and severe valvular dysfunction (see Table |
in the Data Supplement for detailed criteria).

RFB Catheter Description

The RFB ablation system consists of a bidirectional steer-
able, multielectrode, irrigated, luminal RFB catheter (Luminize;

Visually Guided One-Shot PVI

Apama Medical/Boston Scientific, Inc, Marlborough, MA). It
is an over-the-wire catheter introduced into the heart using a
13.5F deflectable sheath (Luminize Steerable Sheath; Apama
Medical/Boston Scientific, Inc). The catheter interfaces with
the Ablation Console, which is designed to deliver multipolar
(>2 electrodes selected for ablation) or bipolar (2 electrodes
selected for ablation) radiofrequency energy. In the case of mul-
tipolar ablation, power is delivered from selected source elec-
trodes to all active sink electrodes. The distribution of power
is based on the number of and distance to neighboring elec-
trodes. With this system, bipolar ablation only occurs when a
single source and sink electrode is selected. The original device
(2016) was upgraded to an enhanced version, which was used
to perform all subsequent ablations beginning in 2017, In the
enhanced version, activated sensing electrodes were added,
and sheath steerability was increased from 90 to 125 degrees.

The RFB catheter incorporated the following features
(Figure 1A and 1B): (1) a conformable 28-mm diameter bal-
loon that is inflated with saline, (2) a series of 18 ablation elec-
trodes (6 forward facing, 12 equatorial) on the outside surface
of the balloon, (3) irrigation holes within each RF electrode to
provide for saline-based cooling of the electrodes, (4) 12 sens-
ing mini-electrodes, and (5) a series of 4 CMOS cameras inside

o Articulated Shaft

Built-in cameras and LEDs -
enable direct visualization

equatorial electrodes

Irrigationfrom each
o electrode

Guidewire
7 .
et based
-
Multi-electrode, single shot,
customizable ablation \
geometriesvia forward facing and Integrated mapping and

pacingon same catheter

Figure 1. The radiofrequency balloon (RFB) ablation catheter.

A, Various aspects of the RFB catheter are shown. B, The internal composite image is generated by the built-in cameras. C and D, The catheter
is positioned at the pulmonary vein (PV) ostia either without (C) or with (D) mechanical esophageal deviation. Also note a pacing catheter
situated within the superior vena cava to pace the right phrenic nerve during right PV ablation.
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the balloon, looking outward to provide a composite video
image of the balloon inner surface, in particular, the 18 ablation
electrodes and any tissue in contact with the conformable bal-
loon membrane. The console’s user interface is used to visual-
ize tissue contact, select the ablation pathway, display real-time
impedance for reach RF electrode, and is able to control the
irrigation pump. The generator provides independently titratable
radiofrequency energy (6—=10 W) to any of the selected elec-
trodes during ablative treatment. The generator receives and
passes through electric signals to an external recording system.

Procedural Workflow

Patients received either warfarin or nonwarfarin oral antico-
agulation for a minimum of 1 month before the procedure and
were withheld for O to 3 days pre-procedure. Preprocedure
in all patients included transthoracic echocardiography and
either computed tomography or magnetic resonance imag-
ing to define PV anatomy. The AF ablation procedures were
performed under either general anesthesia (33/99, 33.3%) or
sedation (66/99, 66.7%), either using no esophageal moni-
toring (86/99, 86.9%), esophageal temperature monitoring
(13799, 13.1%), or mechanical esophageal deviation (DV8;
Manual Surgical Sciences, Minneapolis, MN) without tempera-
ture monitoring (26/99, 26.3%; Figure 1C and 1D).”

Following standard femoral venous access, a decapolar cath-
eter was placed in the coronary sinus, and as per operator pref-
erence, an intracardiac echocardiography catheter (8F AcuNav;
Siemens Healthcare, Mountain View, CA) was placed to help
guide the procedure. After single transseptal puncture, the ACT
was maintained at >350 s. The standard transseptal sheath was
exchanged over a guidewire to place the custom 13.3F deflect-
able sheath, and after thorough aspiration to evacuate. any
trapped air bubbles, the RFB catheter was advanced through the
sheath into the left atrium. The RFB catheter preparation included
a dedicated flush and sonication of the balloon to remove any
trapped air bubbles before being inserted into the sheath.

Using the guidewire (0.032 or 0.035) as an anchor within
each target PV, the RFB cathetenwas positioned sequentially at

Visually Guided One-Shot PVI

each vein ostium. Under visual guidance from the internal cam-
eras, the balloon was manipulated to maximize electrode-tissue
contact, and a circumferential path of electrodes was selected for
the ablation path, regardless of whether the balloon was centered
at the PV ostium or askew (Figure 2A and 2B). Radiofrequency
energy was delivered between electrodes for up to 60 s. PV
electrograms and RF electrode impedance were continuously
monitored throughout each radiofrequency application to assess
electrical isolation (Figure 2C). If circumferential contact and elec-
trical isolation was not achieved with the initial balloon position,
the RFB was repositioned and further applications were adminis-
tered. During ablation of the right PVs, 1 of 2 strategies was used
to avoid phrenic nerve palsy: (1) pacing the phrenic nerve using
a catheter positioned within the superior vena cava (Figure 1D)
or (2) pacing the phrenic nerve directly through the RFB ablation
electrodes, if the phrenic nerve was stimulated, either the ablation
pathway or balloon position were adjusted. After electrical isola-
tion, PV entrance block was reconfirmed after either adenosine
administration or a 30-minute observation period, and vascular
sheaths were removed and hemostasis achieved.

Follow-Up

After the procedure, patients were typically observed over-
night and discharged the following day. The follow-up
schedule included patient visits a,t§Q gm%XE’n and 3, 6, and 12
months (Table Il in the Data Supplé}/et:ﬁt:;&igure lin the Data
Supplement). Computed tomography or magnetic resonance
imaging was repeated at 3 months to assess for PV steno-
sis. In addition to_symptom-driven ECG telemetric monitoring,
all patients received 24-hour Holter monitoring at 6 and 12
months post-ablation.

Study End-points

As detailed in Table Il in the-Data Supplement, the primary
safety end point was freedom from device or procedure-related
major_adverse events at 30 days post-procedure including
stroke/transient ischemic attack, cardiac tamponade, PV ste-
nosis, atrioesophageal fistula, diaphragmatic paralysis, major

u Equatorial electrode selection

RF Ablation

. - et et i

et o et M

Ablative
Etectlodes

Pt ey )
) 1

Camera View

Electrode Selection

E Combination of equatorial and -

forward-facing electrodes

Distal Mini-
Ele:l{ades

Proximal Mini-
Elect[ades

Electrode Selection

Camera View

Figure 2. Pulmonary vein isolation (PVI) with the radiofrequency balloon catheter.

Shown are 2 balloon positions and the strategies used to achieve PVI: (A) the radiofrequency balloon (RFB) catheter is centered along the
pulmonary vein (PV) long axis so the 12 equatorial electrodes are selected for ablation, and (B) because the RFB is askew to the center of the
PV, a combination of 9 equatorial and 3 forward-facing electrodes is selected. C, Electrical PVl is observed in real time during ablation: shown
are the ablation electrodes, as well as the distal and proximal pairs of mini-electrodes. Note the significant artifact on the ablation electrodes but
not on the mini-electrodes. In this example, the PV is electrically isolated within 2 s of commencing energy delivery.
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bleeding or other device-related complication requiring surgical
intervention, or death. The primary performance end point was
the rate of successful PVI as confirmed by entrance conduc-
tion block; a sensitivity analysis was performed comparing the
results of patients enrolled during phase 1 versus phase Il.

There were a number of secondary end points including (1)
procedural performance parameters such as total procedure time,
total fluoroscopy time, ablation time, and balloon time, (2) any
serious adverse events (SAEs) during 12 months post-procedure,
and (3) freedom from symptomatic or asymptomatic episodes of
AF/atrial flutter (AFL)/atrial tachycardia (AT) recurrences at 12
months following ablation. Ablation time was defined as the time
transpiring from the start of the first application to the end of the
last application in the lesion set. Balloon time was defined as
the time elapsing between when the catheter was introduced into
the body till when it was removed from the body.

Statistical Analysis

The study was designed to demonstrate noninferiority of the
study primary end points as compared with historical rates from
standard of care ablation devices. For the primary safety end
point, using an objective performance criterion of freedom from
major adverse events being 97%, a noninferiority margin of
10%, and a 1-sided type | error probability threshold of 0.05, 56
subjects would provide 88% power to refute the null hypoth-
esis. For the primary performance end point, a clinically reason-
able performance goal for acute PVI success was estimated to
be 98% as reported for paroxysmal AF ablation studies, evalu-
ated on the vein level using the exact binomial distribution.In
the analysis, each vein is treated independently. Assuming that
4 veins would be evaluated per subject and accounting for a
20% illegible data loss, a sample size of 19 subjects (60 PVs)
provided 96% power to test the primary performance end point
hypothesis, again assuming a noninferiority margin of 10% and
a 1-sided type | error probability threshold of 0.05.

Since AF-FICIENT | was a first-in-human study for a new
technology, it was decided to enroll a total of 100 subjects to
not only fulfill the goals of the primary end points but also pro-
vide a reasonably large data set to assess clinical outcomes.
The study was not powered for any secondary end point, so
descriptive statistics were used to characterize these outcomes.
Continuous variables are reported as mean+SD (or median and
range as appropriate), and categorical variables are reported as
number and percentage.

RESULTS

Patient Enroliment and Compliance

Between March 2016 and September 2018, 100
patients were enrolled. Patient disposition with respect to
procedure and follow-ups is presented in Figure 3. One
patient dropped out before the procedure, and 4 patients
from one site were excluded because they presented
with persistent, not paroxysmal, AF per study inclusion
criteria; these patients were not included in the primary
analyses or long-term follow-up. Therefore, the study
population available for the primary end point analysis
was comprised of 95 patients. One patient was treated

Circ Arrhythm Electrophysiol. 2021;14:e009308. DOI: 10.1161/CIRCEP.120.009308
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Enrollees
N=100

Intent Withdraw
N=1 N=1

Procedure
N=99
(Deceased N=1)

Exit Study
N=0

30 Day Visit
Completed N = 94
Missed N =4
Exit Study N =0

Exit Study
N=1

3 Month Visit
Completed N = 48
Missed N = 48
Exit Study N =1

Exit Study
N=2

6 Month Visit
Completed N =92
Missed N =2
Exit Study N =0
[ Exit Study
I N=6
12 Month Visit
Completed N = 86
Missed N =0
Exit Study N =2

Figure 3. Consort diagram for AF-FICIENT L.

This patient flowchart shows the disposition of subjects in the AF-
FICIENT | study and the timing of subject withdrawals, deaths, and
patients lost to follow-up (or others) for all enrolled subjects.

with the RFB catheter without achieving PVI; accordingly,
ablation was completed using an RFA commercial cath-
eter. This patient was exited from the study at 1 month, in
accordance with the protocol.

The mean enrollment per site was 33 patients, with
3 of b sites enrolling >25 patients per site (Table IV in
the Data Supplement). Compliance with the protocol-
required study visits was good, with overall compliance
at 88.6% for all visits completed within the visit win-
dow (Table V in the Data Supplement). Of note, compli-
ance was >95% for all visits except the 3-month visit,
since the initial version of the protocol did not require
the 3-month visit; compliance was >95% for this visit
for subjects enrolled after the protocol was modified to
make this a requirement.

Patient Characteristics

The baseline clinical characteristics are presented in
Table 1. The age of the cohort was 58%11 years, with
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Table 1. Baseline Patient Characteristics

Visually Guided One-Shot PVI

Table 2. Primary Safety End Point Events

60+6.9 (n=66)
39+12 (n=67)

Left ventricular ejection fraction, %; meantSD

Left atrial dimension, mm; mean+SD

Medications
Oral anticoagulants, % 98%
Class | or Ill antiarrhythmic medications, % 869%

AF indicates atrial fibrillation.

68% of the subjects being male. Just over half the cohort
(55%) had a history of -hypertension, 10% had a-history
of diabetes, and 2% had a history of a.cerebrovascular
event. The left ventricular ejection fraction was preserved
at 60£6.9%, and the left atrial size was 39£12 mm. The
majority of the cohort (86%) had previously been treated
with a class | or Il antiarrhythmie. medication,-and-most
had been receiving an oral anticoagulant (84%).

Primary End points

Of the 95 subjects analyzed for the primary safety end
point, 94 subjects were free from device/procedure-
related major adverse events. Accordingly, the primary
safety success rate was 98.9%, with the 95% lower
confidence bound being 97.2%, thereby rejecting the
null hypothesis and meeting the primary safety end point.
The single patient with a major adverse event had sus-
tained a perforation into the aorta during the transseptal
puncture procedure (using nonstudy equipment) result-
ing in cardiac tamponade and ultimately culminating in
death during an attempt at emergency surgical repair;
this event was adjudicated as procedure related but not
device related (Table 2).

In evaluating the primary performance end point, from
among 381 targeting PVs, 372 veins were electrically
isolated using the RFB catheter alone, translating to a
success rate of 97.6%. The 95% lower confidence bound

Circ Arrhythm Electrophysiol. 2021;14:e009308. DOI: 10.1161/CIRCEP.120.009308

Characteristics Full cohort (n=100) Characteristics Incidence (n=95)
Age, y; meantSD (range) 58+11 (26-77) Stroke/transient ischemic attack 0 (0%)
Men/women, % 68%/32% Major bleeding requiring surgical intervention 0 (0%)

Modified EHRA classification, % Cardiac tamponade 1 (1.1%)*

1: none 10% PV stenosis 0 (0%)

2a: mild (normal daily activity not affected) 20% Myocardial infarction 0 (0%)

2b: moderate (normal daily activity not affected) 39% Pulmonary edema 0 (0%)

3: severe (normal daily activity affected) 27% Pericarditis 0 (0%)
Medical history Diaphragmatic paralysis 0 (0%)
Paroxysmal/persistent AF, % 969%/4% Atrioesophageal fistula 0 (0%)
Hypertension, % 55% Valvular damage 0 (0%)
Diabetes, % 10% Intraprocedural device—related complication requiring | 0 (0%)
Dyslipidemia, % 29% surgery
Permanent pacemaker, % 6% Death 1(1%)”
Coronary artery disease, % 9% Any other device or procedure-related SAEs 0 (0%)
Chronic pulmonary disease, % 4% Composite safety end point 1 (1.1%)t
Stroke or transient ischemic attack, % 20 PV indicates pulmonary vein; and RFB, radiofrequency balloon.

*One patient sustained a myocardial perforation with cardiac tamponade at the
time of the transseptal procedure, before any introduction of the RFB catheter.
During the resuscitation attempt, the patient expired.

Txxx.

American
Heart
Association.

was 96.4%, which exceeded the 10% noninferiority mar-
gin of the 98% performance goal, thereby rejecting the
null hypothesis and-meeting, the primary performance
end point (F<0.0001). On a per-patient basis, all PVs
were electrically isolated using the RFB catheter alone in
90 of 95 subjects (94:7%{95% Cl, 88.1%-98.3%)]). A
sensitivity analysis-of the primary performance end point
was performed, including only the 81 patients included in
phase Il of enroliment (activated sensing electrodes and
enhanced: sheath steerability). Ona per-vein and per-
patient basis, the success rates were 322 of 324 PVs
(99.4% [95% lower-Cl, 98.7%])-and 79 of 81 patients
(97.5% [95% Cl, 91.4%-99.7%)]), respectively.

Procedural Performance Parameters

All patients underwent a PVI procedure; in 2 patients, an
additional cavotricuspid isthmus line was placed using a
standard RFA catheter to treat typical AFL. As shown
in Table 3, in the majority of cases (83.8%), a single
RFB catheter was utilized; for technical reasons, addi-
tional RFB catheters were used in the remaining cases.
Ultimately, a mean of 9 applications were delivered per
patient, each lasting no more than 60 s with RF power
of 8 to 10 W. The total transpired ablation time was a
median 31 (interquartile range [IQR], 20-53) minutes.
The total balloon time for the RFB catheter was a median
43 (IOR, 32-70) minutes; the total procedure time, 85
(IOR, 62-118) minutes; and the fluoroscopy time, 14
(IOR, 9-23) minutes.

Not surprisingly, there were improvements in these
procedural parameters between phase | and phase
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Table 3. Procedure Details

Outcome*

Successful pulmonary vein isolation, n/total (%)

372/381 PVs (97.6%)
322/324 PVs (99.4%)
85 (62-118) min

Full cohort (=95 patients)

Phase Il cohort (n=79 patients)

Total procedure time

Transpired ablation timet 31 (20-53) min

Total balloon time* 43 (82-70) min

No. of radiofrequency applications per patient 9+4
(meanzSD)

No. of RFB catheters used per patient, n (%)

1 83 (83.8%)

2 9 (9.1%)

3 7 (7.1%)
Fluoroscopy time 14 (9-23) min
Total heparinized saline infused, mL (mean+SD) 1230+1102

PV indicates pulmonary vein; and RFB, radiofrequency balloon.

*Unless otherwise indicated, values are median (IQR).

tDefined as the time transpiring from the start of the first application to the
end of the last application in the lesion set.

$Defined as the time elapsing between when the catheter was introduced into
the body till when it was removed from the body. Data available for 91 (of 99)
patients—15 and 76 from phases | and Il, respectively.

Il (Figure 4): radiofrequency applications per patient
(median [IQR], 12 [9—-15] versus 8 [6—10]), ablation time
(median [IQR], 92 [69=145] versus 29 [19-40]), total
procedure time (median [IOR], 157 [132-213] versus
71 [59-101]), and fluoroscopy time (median [IQR], 43
[35-53] versus 13 [8—18]).

Clinical Follow-Up

Over the 12 months of follow-up, SAEs occurred in a total
of 15 patients, so the freedom from SAEs was 84.9%
([95% ClI, 77.8%—-91.9%] see Table VIin the Data Supple-
ment). However, only one of these SAEs was adjudicated
as possibly related to the device (a patient who developed
pericarditis), and beyond the aforementioned patient who
sustained aortic perforation/tamponade/death, only 2

Visually Guided One-Shot PVI

SAEs were adjudicated as possibly procedure related:
the patient with pericarditis and a patient with recurrent
symptomatic AF requiring reablation. Follow-up cardiac
imaging with either computed tomography (n=47) or
magnetic resonance imaging (n=14) was performed
between the 3- and 12-month time points: there was no
evidence of PV stenosis.

By the 12-month time point, 58.3% of the cohort was
taking class | or Il antiarrhythmic medications. Initiation
of antiarrhythmic medications after the 3-month blanking
period was individualized and at the treating physician
discretion. As shown in Figure 5, the 12-month Kaplan-
Meier estimates for freedom from AF/AFL/AT and AF
were 775% (95% Cl, 67.6%—-84.7%) and 84.1% (95%
Cl, 74.9%-90.1%). For those patients not taking class |
or Ill antiarrhythmic medications (n=35), the 12-month
Kaplan-Meier estimates for freedom from AF/AFL/AT
and AF were 85.7% (95% Cl, 69.0%—-93.8%) and 94.3%
(95% ClI, 79.0%-98.5%), respectively. If only includ-
ing those patients enrolled in phase Il of the study, the
12-month Kaplan-Meier estimates for freedom from AF/
AFL/AT and AF were 78.1% (95% ClI, 67.2%—-85.8%)
and 85.9% (95% ClI, 76.1 %—92@%).

Association.

DISCUSSION

Inthis first-in-human clinical experience of the treatment
of patients with paroxysmal AF using the novel visually
guided RFB ablation catheter, we observed an accept-
able acute -safety profile, excellent procedural perfor-
mance,.and promising clinical efficacy. There were no
serious complications related to the RFB ablation cath-
eter itself. The procedural performance was favorable: in
phase I, 99.4% of PVs were electrically isolated with the
RFB catheter alone, with a median balloon time of only
40 minutes. And the 1-year estimated clinical efficacy of
freedom from AF/AFL/AT was 77.5%.

This balloon-based ablation system offers several the-
oretical advantages over traditional ablation technologies.

RF Applications/Pt
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Figure 4. Procedural parameters-phase | versus Il.
Shown is a comparison of various procedural parameters of patients enrolled in phase | vs phase II.
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Figure 5. Freedom from atrial arrhythmias.

Shown in the panel on top are Kaplan-Meier curves of freedom from either atrial fibrillation (AF; red line) or AF/atrial flutter (AFL)/atrial
tachycardia (AT; black line). Bottom, The data are also separated by patients enrolled in phase | vs phase II.

First, by using circumferential ablation electrodes around
the balloon, it allows the simultaneous delivery of ablative
radiofrequency energy around each PV. In addition to a
marked reduction of both ablation and overall procedure
times, simultaneous energy delivery has the potential
for a synergistic interaction between the adjacent heat
sources generated by the electrodes, thereby improving
efficacy. Second, real-time direct contact visualization
through the inbuilt cameras provides accurate positional
information to allow the operator to both (1) make small
adjustments to optimize balloon position, in a nonfluo-
roscopic manner, and (2) quickly and easily select the
electrodes in contact with tissue to efficiently deliver

Circ Arrhythm Electrophysiol. 2021;14:e009308. DOI: 10.1161/CIRCEP.120.009308

multipolar or bipolar radiofrequency energy in a circum-
ferentially contiguous manner. Importantly, this ability to
tailor energy delivery to each electrode also allows for
the possibility to deliver less energy in proximity to the
esophagus or if near the phrenic nerve, while yet deliver-
ing higher energy in areas of thick tissue. This feature
caters to important safety and efficacy concerns lacking
in some of the single-shot technologies currently in use.
Third, the integrated mapping and pacing abilities of the
RFB catheter further aid in reducing procedure times. In
addition, while not specifically addressed in this clinical
study, it is possible that by actively monitoring for electri-
cal entrance block during ablation, one may be able to

October 2021 8
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better tailor energy delivery. For example, the time to iso-
lation during cryoballoon ablation can predict the efficacy
of a single cryolesion, thereby guiding the operator as
to how long an individual lesion should be delivered and
whether to place bonus lesions.® Further clinical studies
with the integrated sensing electrodes of this RFB cath-
eter may prove similarly useful.

The RFB catheter proved to be safe in our experience.
The only serious complication was related to the trans-
septal puncture resulting in aortic perforation, cardiac
tamponade, and death. However, this was an unfortunate
complication of the transseptal puncture step, before the
introduction of the RFB catheter. It is likely that cardiac
tamponade related to the RFB catheter itself will prove
to remain infrequent because (1) the RFB catheter is
introduced over a guidewire and has a flat, atraumatic
front face to the tissue, and (2) compared with traditional
RFA catheters, the large surface area of the electrodes
results in a relatively low current density during radio-
frequency energy delivery. This low current density, com-
bined with saline irrigation of the ablation electrodes, also
likely explains the absence of thromboembolic phenom-
ena, including no strokes or transient ischemic attacks.
The relatively flat face of the balloon likely accounts for
the absence of phrenic nerve injury and PV stenosis,
since this characteristic would force the RFB to be situ-
ated outside the PV ostium.

The absence of esophageal damage, such as atrio-
esophageal fistula or gastric dysmotility, is encourag-
ing. In contrast to most. other RFA systems, the REB
catheter delivers energy in a bipolar fashion between
adjacent electrodes. This may have contributed to
the safety of the system by reducing the risk of deep
ablation, damaging the-esophagus.-However, in~AF-
FICIENT |, routine- endoscopy-to assess the-esopha-
geal mucosa was not performed. Furthermore, 26%
of the procedures in our study were performed using
mechanical esophageal deviation. Clearly, many more
patients must be treated before one makes conclu-
sions about the potential for esophageal damage with
the RFB catheter.

One of the standout observations in AF-FICIENT |
was the short procedure times. After the introduction
of sensing electrodes and enhanced sheath deflec-
tion, the phase Il case procedure times were short
and compared favorably with other single-shot abla-
tion systems currently in use.®'? By the end of the
study, the total procedure times averaged just over
an hour, and the balloon time was only 40 minutes.
The favorable fluoroscopy time, 13 minutes in phase
I, reflects some of the advantages of visual guidance
from within the balloon.

The clinical outcomes were also favorable: the 1-
year freedom from AF was 84.1%, while the 1-year
freedom from AF/AFL/AT was 77.5%. However, it is
important to recognize that just over half the patients

Circ Arrhythm Electrophysiol. 2021;14:e009308. DOI: 10.1161/CIRCEP.120.009308
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had continued class | or Il antiarrhythmic medications
to the 1-year time point, despite the protocol requiring
that these medications be stopped by 3 months. Thus,
while favorable, these clinical outcome data need to be
corroborated in a large multicenter study in which these
membrane-active antiarrhythmics are stopped by the
end of the blanking period.

Limitations

AF-FICIENT | is a nonrandomized clinical study which,
while multicenter, only included 5 centers. A sizeable
percentage of the patient cohort remained on class I/
[Il antiarrhythmic medications at 12 months, largely
because they simply failed to stop them at 3 months,
rendering it difficult to determine the efficacy of RFB
ablation alone in maintaining sinus rhythm. The results
reported herein should be reproduced in larger studies
with more centers and operators included. Furthermore,
additional safety analyses should be conducted, includ-
ing routine esophageal endoscopy studies and brain
magnetic resonance imaging studies to assess for silent
cerebral ischemic events. Similasly, invasive remapping
studies should be conducted toje?e,rmne the durability
of the PVI lesion sets.

Conclusions

This first-in-human study demonstrated that the visu-
ally guided multielectrode RFB ablation catheter is safe,
acutely efficacious in achieving PV isolation. This system
holds promise for an easy to'use, efficient, and time-sav-
ing single-shot technology for PVI.
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