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BACKGROUND Early experience with a novel multielectrode saline-
irrigated radiofrequency balloon (RFB) catheter with an integrated
camera system found that it was safe and effective in performing
single-shot pulmonary vein isolation (PVI) for atrial fibrillation.

OBJECTIVE The purpose of this study was to further assess poten-
tial treatment risks by looking for subclinical events.

METHODS The study was performed at 2 sites. Patients underwent
PVI by RFB. A control group underwent conventional point-by-point
radiofrequency ablation. Stroke scale questionnaire and brain mag-
netic resonance imaging (MRI) were performed before and after the
ablation procedure, and esophageal endoscopy was performed after
the procedure in RFB patients only.

RESULTS We enrolled 27 patients in the RFB group and 15 patients
in the control group. The RFB and control groups were well matched
[predominantly male: 62% vs 53%; CHA2DS2-VASc score: 1.9 6 1.3
vs 1.5 6 1.6; mean age 60 years in both groups]. All patients
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underwent successful ablation and completed study assessments.
Clinically silent, new MRI diffusion weighted imaging cerebral le-
sions were observed in 8 patients (30%) in the RFB group and 1 pa-
tient (7%) in the control group, and 11 susceptibility weighted
imaging lesions in the RFB group and 1 in the control group. Endos-
copy showed a minor thermal injury in 1 patient in the RFB group.

CONCLUSION An increased rate of clinically silent cerebral events
was seen in the RFB group. A low rate of esophageal thermal injury
was observed.

KEYWORDS Atrial fibrillation; Catheter ablation; Esophageal ther-
mal lesions; Pulmonary vein isolation; Radiofrequency balloon;
Silent cerebral events

(Heart Rhythm O2 2022;3:15–22) © 2021 Heart Rhythm Society.
Published by Elsevier Inc. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction
The clinical outcomes of the first 100 patients who underwent
radiofrequency ablation (RFA) for atrial fibrillation using a
novel, visually guided radiofrequency balloon (RFB) cath-
eter were recently reported.1 In a first-in-human multicenter
clinical trial of first-time ablation for paroxysmal atrial fibril-
lation, we studied the performance, safety, and efficacy of
pulmonary vein isolation (PVI) using this novel RFB cath-
eter.1 We reported that 372 of 381 veins were acutely iso-
lated, with median procedural time of 85 minutes and 84%
freedom from atrial fibrillation at 12 months without
device-related major complications.

Catheter ablation is the standard of care for patients with
paroxysmal atrial fibrillation refractory to medical therapy.2

However, conventional point-by-point RFA has limitations.
The RFB catheter was designed to address many of these lim-
itations, including long procedural times, low acute proce-
dural efficacy, and frequent recurrence of atrial fibrillation.

Conventional RFA is associated with significant compli-
cations. Periprocedural stroke and esophageal injury are of
particular concern and have the potential to cause major
procedure-related morbidity and mortality.2 Although the
initial cohort of RFB patients was free from major
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KEY FINDINGS

- The incidence of silent cerebral events as detected by
brain magnetic resonance imaging (MRI) was 30%,
higher than in a comparator group undergoing con-
ventional ablation but comparable to initial reports of
other multielectrode ablation systems.

- The silent cerebral event rate differed between the 2
study sites (8/20 and 0/7). This may have been due to
the timing of heparin administration, procedural
duration, or different sensitivity of the MRI scans.

- The incidence of asymptomatic esophageal lesions by
upper gastrointestinal endoscopy was 3.7%, lower than
previously observed with conventional radiofrequency
ablation.
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complications, in the current study we sought to address in
greater detail the potential risks of the RFB catheter. As
stroke and clinically manifest esophageal injury are infre-
quent complications (incidence ,2% and 0.02%–0.11%,
respectively),2 we performed brain magnetic resonance im-
aging (MRI) and esophageal endoscopy after the ablation
procedure to assess for subclinical injury.
Methods
Study design
AF-FICIENT-1 (A First In Human Radiofrequency [RF]
Balloon Catheter Ablation to Isolate Pulmonary Veins in
the Treatment of Patients with Paroxysmal Atrial Fibrillation;
ACTRN12615001340527) was a first-in-human, prospec-
tive, multicenter, single-arm, clinical study of the RFB abla-
tion catheter (Boston Scientific Inc., Marlborough, MA) for
the treatment of symptomatic paroxysmal atrial fibrillation.
The study enrolled 100 patients. The safety study was per-
formed in another 27 patients who were enrolled in New Zea-
land and Lithuania. In addition, we subsequently performed a
control study (ACTRN12619000509167) in which RFA was
performed in a conventional point-by-point fashion in 15 pa-
tients in New Zealand. The clinical data were collected and
recorded in an electronic database and monitored at regular
intervals.
Patient enrollment criteria
The entry criteria were the same as for AF-FICIENT-1.
Patients were adults undergoing a first-ever ablation proced-
ure for symptomatic paroxysmal atrial fibrillation. Specific
contraindication for the substudy was ineligibility for brain
MRI or esophageal endoscopy.
RFB description
The RFB ablation system consists of a bidirectional, steer-
able, multielectrode, irrigated, luminal RFB catheter, which
is an over-the-wire catheter introduced into the heart using
a 13.5F deflectable sheath (Luminize catheter and steerable
sheath; Boston Scientific Inc.). The catheter interfaces with
an ablation console, which is designed to deliver simulta-
neous multipolar radiofrequency energy. The RFB catheter
incorporates the following features (Figure 1A): (1) a
conformable 28-mm-diameter balloon that is inflated with sa-
line; (2) a series of 18 ablation electrodes (6 forward-facing,
12 equatorial) on the surface of the balloon; (3) irrigation
holes within each electrode that provide for saline-based
cooling of the electrodes; (4) 12 sensing mini-electrodes;
and (5) a series of 4 solid-state cameras inside the balloon
that faced outward to provide a composite video image of
the balloon inner surface showing the 18 ablation electrodes
and any tissue in contact with the transparent conformable
balloon membrane (Figure 1B). The console’s user interface
is used to visualize tissue contact, select the ablation
pathway, display real-time impedance for each electrode,
and control the irrigation pump. The generator provides inde-
pendently titratable radiofrequency bipolar energy (6–10 W)
to any of the selected adjacent electrodes during ablative
treatment.
RFB study procedural workflow
Patients received either warfarin or non-warfarin oral antico-
agulation for a minimum of 1 month before the procedure.
The anticoagulation therapy was continued uninterrupted in
24 patients and withheld for 1–3 days preprocedure in 3 pa-
tients. Patients were screened for left atrial appendage
thrombus using either cardiac computerized tomography or
transesophageal echocardiography at the preprocedural
assessment. The ablation procedures were performed with
patients under conscious sedation. No esophageal tempera-
ture monitoring was used. The procedure was performed
with femoral venous access, a decapolar catheter placed in
the coronary sinus, and a single transseptal puncture. Unfrac-
tionated heparin was administered before transseptal punc-
ture in Lithuania and after transseptal puncture in New
Zealand as per local practice. Activated clotting time
(ACT) was maintained at.300 seconds. The standard trans-
septal sheath was exchanged over a guidewire to place the
custom 13.3F deflectable sheath. After thorough aspiration
to evacuate any trapped air bubbles, the RFB catheter was
advanced through the sheath into the left atrium. RFB cath-
eter preparation included a dedicated flush and sonication
of the balloon to remove any trapped air bubbles before the
catheter was inserted into the sheath.

Using the guidewire (0.032 or 0.035 inch) as an anchor
within each target pulmonary vein, the RFB catheter was
positioned sequentially at each vein ostium. Under visual
guidance from the internal cameras, the balloon was manip-
ulated to maximize electrode–tissue contact, and a custom-
ized path of electrodes was selected for ablation. Bipolar
radiofrequency energy was delivered between selected elec-
trodes for up to 60 seconds. Pulmonary vein electrograms and
electrode impedance were continuously monitored
throughout each radiofrequency application to assess electri-
cal isolation as determined by the operator using local



Figure 1 Pulmonary vein (PV) isolation with the radiofrequency balloon (RFB) catheter. Balloon position within the PV (A) and strategy used to achieve PV
isolation (B). Here the RFB catheter was askew to the center of the PV, so 9 equatorial and 3 forward-facing electrodes were selected.
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criteria. If circumferential contact and electrical isolation
were not achieved with the initial balloon position, the
RFB catheter was repositioned and additional applications
were administered. If required, patients received either elec-
trical or chemical cardioversion to achieve sinus rhythm. Af-
ter electrical isolation, pulmonary vein entrance block was
reconfirmed, vascular sheaths were removed, and hemostasis
was achieved. Patients were followed for 12 months postpro-
cedure.
Control study procedural workflow
The same workflow was used except that after transseptal
puncture, a single commercially available irrigated-tip radio-
frequency CARTO navigation, contact force, and ablation
catheter (Biosense Webster, Diamond Bar, CA) was used
for point-by-point PVI. A maximum power of 35 W was
used. All studies were performed with patients on uninter-
rupted oral anticoagulation.

The following additional procedures were performed.
Brain MRI: A baseline scan was obtained before the pro-

cedure and then repeated within 72 hours after the ablation
procedure. MRI was performed using Magnetom 1.5-T scan-
ners (Siemens, Erlangen, Germany) with an Aera 16-channel
head coil in Christchurch, and using an earlier model Avanto
with 8-channel head coil in Lithuania. The Christchurch pro-
tocol comprised unenhanced sagittal T1 with 5 mm; trans-
verse RESOLVE b1000 diffusion weighted imaging (DWI)
in both 4-mm and 5-mm slice thicknesses with derived
apparent diffusion coefficient (ADC) images; transverse T2
5 mm; transverse susceptibility weighted imaging (SWI) 2
mm; and transverse T2-FLAIR 5mm. The Lithuania protocol
comprised unenhanced sagittal T1 1 mm; transverse b1000
DWI 5-mm slice thicknesses with derived ADC images;
transverse T2 5 mm; and transverse T2-FLAIR 5 mm.

Based on previous work by Deneke et al,3 lesions were
classified as a silent cerebral event (SCEs) if a hyperintense
lesion was seen on DWI with a corresponding hypointense
lesion on ADC without FLAIR hyperintensity, and as silent
cerebral lesion (SCL) if similar DWI/ADC changes were
observed but with corresponding T2-hyperintensity on
T2-FLAIR images.

All MRIs were blindly read by a panel of 3 radiologists
and the consensus reported, although the panel of radiologists
was different for the Lithuania scans. In patients with SCE or
SCL abnormalities, follow-up MRI was performed at 1–3
months.

SWI abnormalities were only recorded for the Christ-
church cohort, and new postprocedure SWI hypointensities
were reported by consensus.

National Institutes of Health Stroke Scale (NIHSS)
Assessment: Assessment was performed before the ablation
procedure and again during the 1-month follow-up. If no ab-
normality was detected, the score was 0; if any abnormality
was detected, the score was 1.

Esophageal Endoscopy: This procedure was performed
within 72 hours after the ablation in the substudy only, that
is, only in patients who underwent treatment with the RFB
catheter. Any potential thermal esophageal lesion was re-
corded.

The study was conducted in accordance with the Declara-
tion of Helsinki and was approved by the ethics committees
and local regulatory agencies at both sites. Informed consent
was obtained from all subjects before enrollment.

The trial’s sponsor, Boston Scientific, was involved in
trial design and protocols but not data collection or analysis.
The authors had full access to, and take responsibility for, the
integrity of the data, and have read and agree with the manu-
script as written.

The study was not powered for any secondary endpoint,
so descriptive statistics were used to characterize these out-
comes. Continuous variables are given as mean6 SD or me-
dian (range) as appropriate, and categorical variables are
given as number (percentage).
Results
In the RFB group, 27 patients were enrolled (20 New Zea-
land, 7 Lithuania). In the control group, 15 patients were
enrolled (all in New Zealand). All patients completed the



Table 1 Patient characteristics

Characteristic Study group Control group

No. 27 15
Age [mean 6 SD (range)] (y) 60 6 8 (40–74) 60 6 7 (48–72)
Male/female (%) 62/38 53/47
Modified EHRA classification (%)
1: None 0 0
2a: Mild (normal daily activity not
affected)

22 0

2b: Moderate (normal daily activity
not affected)

67 87

3: Severe (normal daily activity
affected)

11 13

Medical history (%)
Paroxysmal/persistent AF 100/0 100/0
Hypertension 56 33
Diabetes 11 20
Dyslipidemia 65 33
Permanent pacemaker 0 0
Coronary artery disease 22 7
Chronic pulmonary disease 4 0
Stroke or transient ischemic attack 7 13
CHA2DS2-VASc score [mean 6 SD
(median)]

1.9 6 1.3 (2) 1.5 6 1.6 (1)

Left ventricular ejection fraction
[mean 6 SD (n)] (%)

59 6 7.1 (27) 63 6 4.0*

Left atrial dimension [mean6 SD (n)]
(mm)

42 6 5.9 (27) 41 6 6.2*

Medication (%)
Oral anticoagulant 100 100
Class I or III antiarrhythmic
medication

96 80

AF 5 atrial fibrillation; EHRA 5 European Heart Rhythm Association.
*N 5 14 (control arm).
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ablation procedure and substudy tests except for 1 preproce-
dural stroke scale assessment.
Patient characteristics
Baseline clinical characteristics of the patients are given in
Table 1. All patients had previously been treated with a class
I or III antiarrhythmic medication and had been taking an oral
anticoagulant.

The characteristics of the control cohort of 15 patients
were similar to those of the RFB group. The majority of
the cohort (80%) had previously been treated with a class I
Table 2 Procedural characteristics

Procedural parameter Study group

No. 27
No. of catheters opened 32
No. of catheters opened and used 29
ACT .350 s 92.6% (25/27)
Total heparinized saline infused (mL) 1059.0 6 385.2
Fluoroscopy time (min) 17.9 6 10.3
Procedural duration (min) 108.8 6 31.6
Balloon/catheter time (min) 57.9 6 25.3
Total no. of pulmonary veins ablated 3.8 6 0.5
Total no. of ablations 8.7 6 3.1

ACT 5 activated clotting time; site 1 5 New Zealand; site 2 5 Lithuania.
or III antiarrhythmic medication, and all had been taking an
oral anticoagulant.
Procedural performance parameters
In the RFB cohort, total procedural time was 108.8 6 31.6
minutes, total balloon time for the RFB catheter was 57.9
6 25.3 minutes, and fluoroscopy time was 17.9 6 10.3 mi-
nutes (Table 2). A mean of 8.76 3.1 applications was deliv-
ered per patient, each lasting no more than 60 seconds, with
RF power of 8–10 W. The procedure was performed without
oral anticoagulation interruption in 24 patients. ACT while
Site 1 Site 2 Control group

20 7 15
24 8 17
22 7 15
90% (18/20) 100% (7/7)

1144.4 6 405.4 814.9 6 168.9 625 6 282
19.8 6 10.5 12.6 6 8.3 14 6 19
118.3 6 30.2 81.7 6 17.2 112 6 29
65.3 6 25.2 36.9 6 7.4 91 6 62
3.7 6 0.6 4 4
9.2 6 3.4 7.4 6 1.5 34 6 10



Table 3 MRI and NIHSS results

Characteristic Measurement Study group Site 1 Site 2 Control group

Time difference between procedure start
and prior MRI (hour)

N 27 20 7 15
Mean 6 SD 24 6 9 22 6 7 29 6 14 28 6 6
Range 2–46 2–29 15–46 21–48

Time difference between MRI and
procedure stop (h)

N 27 20 7 15
Mean 6 SD 27 6 17 21 6 3 45 6 27 24 6 8
Range 12–70 17–27 12–70 18–49

NIHSS score (preprocedure) 0 25 (92.6) 18 (90.0) 7 (100.0) 13 (86.7)
1 1 (3.7) 1 (5.0) 2 (13.3)
Missing 1 (3.7) 1 (5.0) 0 0

NIHSS score (postprocedure) 0 26 (96.3) 19 (95.0) 7 (100.0) 11 (73.3)
1 1 (3.7) 1 (5.0) 2 (13.3)
Missing 2 (13.3)

SCE consensus 0 19 (70.4) 12 (60.0) 7 (100.0) 14 (93.3)
1 8 (29.6) 8 (40.0) 1 (6.7)

SCL consensus 0 26 (96.3) 19 (95.0) 7 (100.0) 15 (100.0)
1 1 (3.7) 1 (5.0)

SCE consensus at 30-d to 3-mo follow-up 0 5 (100.0) 4 (100.0) 1 (100.0)
SCL consensus at 30-d to 3-mo follow-up 0 5 (100.0) 4 (100.0) 1 (100.0)
SWI consensus* 0 16 (59.3) 9 (45.0) Missing 14 (93.3)

1 11 (40.7) 11 (55.0) Missing 1 (6.7)

All values are n (%), except the time differences (hour).
MRI 5 magnetic resonance imaging; NIHSS 5 National Institutes of Health Stroke Scale (0 5 normal; 1 5 abnormal); SCE 5 silent cerebral event;

SCL 5 silent cerebral lesion; site 1 5 New Zealand; site 2 5 Lithuania; SWI 5 susceptibility weighted imaging.
*For SCE, SCL, and SWI, consensus required agreement of 2 of 3 radiologists on the presence (1) or absence (0) of an abnormality.
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the RFB catheter was in the left atrium was.300 seconds in
all patients and.350 seconds in 25 patients (93%) (18/20 in
New Zealand; 7/7 in Lithuania). Cardioversion was required
to achieve sinus rhythm in 9 of the 20 New Zealand patients.

In the control cohort, total procedural time was 112
6 29 minutes, total ablation time was 58 6 19 minutes,
and fluoroscopy time was 14 6 19 minutes. The proced-
ure was performed without anticoagulation interruption
in all patients.

Safety assessments

MRI
In the RFB cohort, new SCEs were observed in 8 of 27 pa-
tients (30%) and a new SCL in 1 patient who also had an
SCE (Table 3). In the 22 patients treated with uninterrupted
anticoagulation, new SCEs were observed in 7 patients,
Table 4 Characteristics of patients with new brain MRI lesions

Patient
Age
(y) Sex

CHADS2-
VASc score

Balloon time in left
atrium (min)

Percent time at
therapeutic ACT

1 58 Female 1 85 100
2 60 Male 4 100 100
3 52 Male 0 70 100
4 68 Male 1 87 100
5 60 Male 1 83 70
6 61 Female 1 49 100
7 68 Male 1 66 100
8 55 Male 1 54 90

ACT 5 activated clotting time; MRI 5 magnetic resonance imaging.
whereas in the 3 patients treated with interrupted anticoagu-
lation, a new SCEwas observed in 1 patient. SWI revealed 11
focal postprocedural SWI hypointensities in 11 patients in the
Christchurch group. SWI data was not obtained in the Lithu-
anian patients. Clinical characteristics of patients with new
SCEs are detailed in Table 4. Mean kappa across the 3 ob-
servers was 91% for SCE the presence of SCE on MRI and
86% for SCL.

In the patients with SCEs and SCLs who underwent a
follow-up scan, 1 of 4 patients had residual T2 change at
the site of a previous DWI abnormality.

There was a difference in new SCEs and SCLs between
sites, with no SCEs or SCLs observed in the 7 patients
from Lithuania. In patients undergoing cardioversion during
the ablation period, SCEs were observed in 2 of 11 patients,
whereas SCEs were observed in 6 of the 16 patients who did
not require cardioversion.
Ablation
time (s)

Ablation
no.

Interrupted or
uninterrupted
anticoagulation

Need for
cardioversion
during procedure

787 16 Uninterrupted Yes
614 10 interrupted No
360 6 interrupted No
529 11 Uninterrupted Yes
736 13 Uninterrupted No
393 7 Uninterrupted No
600 8 Uninterrupted No
649 11 Uninterrupted No



Table 5 Number of cerebral lesions reported by radiologists in the
Christchurch cohort
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In the control cohort, new SCEs were observed in 1 of 16
patients (7%). No SCLs were observed in any patients.
Lesions detected

Reviewer no. SCE SCL SWI
1 9 2 25
2 7 1 15
3 3 1 20

SCE5 silent cerebral event; SCL5 silent cerebral lesion; SWI5 suscep-
tibility weighted imaging.
Stroke scale
In the RFB cohort, a single patient with a prior stroke had an
abnormal stroke scale before the ablation procedure but a
normal stroke scale postprocedure. One patient had a new
abnormal stroke scale postprocedure with no other clinical
signs but did have new SCE on MRI. In the control cohort,
2 patients had new abnormal stroke scales after the procedure.
Esophageal endoscopy
In the RFB cohort, 1 patient had a grade I thermal lesion de-
tected at endoscopy. No ulceration or fistulas were observed.
Adverse cerebral events
In the RFB cohort, no clinical cerebral ischemic events were
reported immediately after the procedure. However, new
clinical cerebral ischemic events were reported in 2 substudy
patients during follow-up. The first patient reported word-
finding difficulty that commenced 17 days postprocedure
and lasted until the study end. He had a history of stroke
and an abnormal NIHSS preprocedure but not postprocedure.
His postprocedure MRI showed a new right frontal cortical
infarction and possible new left frontal white matter infarc-
tion. The second patient had transient expressive dysphasia
and right hemianopia 6 months after the ablation procedure.

In the control cohort, no clinical strokes or neurological
deficits occurred.
Discussion
We previously reported the clinical results of the first 100 pa-
tients who underwent RFA for atrial fibrillation using a novel
visually guided RFB system.1 We found this system offered
short procedural times, with good acute and long-term effi-
cacy, and has the potential to provide improved efficiency
for ablation of atrial fibrillation relative to point-by-point
RFA. Adoption of this novel technology will be dependent
on showing that the complication rate compares favorably
with those of existing thermal ablation technologies.

Stroke occurs in up to 2% of atrial fibrillation ablation pro-
cedures, but we did not observe any periprocedural strokes.
Two delayed cerebral events occurred during follow-up,
but they are unlikely to be procedure related.

The tiny areas of MRI diffusion restriction (SCE, SCL) in
this clinical setting probably represent tiny infarcts or
possibly areas of reversible ischemia, and are believed to
be due to cerebral emboli and are likely to be an indirect in-
dicator of stroke risk.3,4 Previous studies have shown widely
ranging rates of SCE (2%–48%) in patients undergoing RFA
for atrial fibrillation.5,6 The variation likely is due to multiple
factors, including procedural anticoagulation management;
ablation catheter type; and MRI timing, imaging protocol,
sensitivity, and definition of abnormality.
We observed SCEs in 8 of our patients (30%), including 1
SCL in the RFB group, whereas in the control group, only 1
patient (7%) developed a new SCE. No periprocedural clin-
ical strokes were observed, but 2 patients (13%) had new ab-
normalities on the stroke scale that were uncertain
significance. Furthermore, there seemed to be a site differ-
ence in the occurrence of SCE in the RFB patients, with
new MRI lesions occurring in 8 of 20 patients in New Zea-
land but 0 of 7 patients in Lithuania. Interpretation of these
disparate results is difficult, especially as the numbers are
small and the differences may have been due to chance.

Previous studies have suggested that a number of factors
may influence the rate of new SCEs after atrial fibrillation
ablation.3 Procedures performed with patients on uninter-
rupted oral anticoagulation may have lower rates than pro-
cedures performed with interrupted anticoagulation3;
however, SCEs commonly occur even with uninterrupted an-
ticoagulation.7 The level of intraprocedural anticoagulation
with heparin as measured by the activated partial thrombo-
plastin time does seem to influence the incidence of SCEs,
with ACT,250 seconds being associated with higher rates.8

For our patients, we followed the 2017 guidelines by per-
forming the procedures with uninterrupted anticoagulation
whenever possible, and this was achieved in almost all
patients. In addition, heparin was administered during the
procedure to maintain minimum ACT .300 seconds in all
patients.2 A minimum ACT of 350 seconds was achieved
in 93% of patients, but a relatively high rate of SCEs still
was observed. The timing of heparin administration may
help explain the difference in SCE rates observed between
the 2 centers, as heparin administration before transseptal
puncture has been suggested to reduce the rate of SCEs.5

Furthermore, procedural duration would be expected to influ-
ence the rate of SCEs, and procedural times were shorter
overall in Lithuania. Finally, it has been suggested that the
performance of intraprocedural cardioversion may increase
the rate of SCE.8 However, we did not observe higher rates
of SCE in our patients undergoing cardioversion.

Balloon-based ablation systems including cryoballoon
and laser balloon seem to have rates of SCE similar to those
of RFA.9 However, previous reports raise the possibility that
multielectrode ablation systems may be associated with
higher rates of SCE. The pulmonary vein ablation catheter
is a circular catheter that utilizes duty-cycled phased radiofre-
quency energy to multiple electrode pairs. Initial reports
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documented much higher rates of SCE of 37%–39% using
this catheter than conventional RFA (7%–8%) and cryoabla-
tion (4%–6%) in comparative studies.10,11 However, very
low rates of SCE with this catheter subsequently were re-
ported by avoiding ablation between electrodes that were in
close proximity, submerged catheter introduction, uninter-
rupted anticoagulation combined with ACT �350 seconds,
and changing the electrodes to gold.12,13

SCE rates have been reported for a multielectrode
RFB ablation catheter without visual guidance.14 In the
first cohort of patients, the rate of SCEs was 24%; how-
ever, with multiple changes to the procedural workflow,
including heparinization before transseptal puncture and
maintaining ACT .350 seconds, the SCE rate fell to
7%. Therefore, it is possible that a lower rate of SCEs
may have been observed if higher ACT levels had been
maintained.

In this report, we document the rates of SCE observed
with use of a novel, visually guided, multielectrode RFB
ablation catheter. An SCE rate of 30% was noted, which
was higher than in our control group of conventional
RFA but comparable to initial reports of multielectrode
ablation systems. This finding suggests that multielec-
trode systems are associated with higher rates of SCE
than conventional RFA. However, it seems that these
rates can be reduced by making changes to the procedural
workflow, including uninterrupted anticoagulation, main-
taining higher ACTs, and heparinization before transsep-
tal puncture. No SCEs were observed in the 7 patients
from Lithuania in whom heparinization was performed
before transseptal puncture.

An alternate explanation for the difference in SCE rates
between the 2 sites is the sensitivity of the MRI scans.
SCEs may be transient,4 and because the MRIs were per-
formed, on average, 1 day later in Lithuania, transient lesions
may not have been detected. Furthermore, differences in ma-
chine characteristics or scanning protocols may have contrib-
uted to the difference observed. In this study, SWI was used
as a further marker of procedural safety in addition to DWI.
Although follow-up of these SWI lesions was not part of
the study design, 3 of the 4 patients followed up for DWI
abnormalities coincidentally had persisting SWI abnormal-
ities. Although the precise pathophysiology of the SWI
lesions is uncertain, their appearance postprocedure almost
certainly indicates an underlying embolic process, most
likely tiny thrombi due to the presence of the catheter.

There was no significant correlation between the presence
of DWI events (ie, SCEs) and the presence of SWI lesions.
More SWI than DWI events (11 vs 7) were observed. This
implies that SWI is highly sensitive to microembolic events,
as previously suggested.15 The lack of associated DWI
changes suggests that most, if not all, SWI abnormalities
were nonobstructing. However, in a study of emboli from
thrombectomy of intracranial large vessel occlusion, the
SWI abnormalities were associated with larger DWI changes
as well.16 MRI SWImay be a more sensitive test of embolism
and may have value in future safety studies.

The other component of this safety study was the
assessment of asymptomatic esophageal lesions by upper
gastrointestinal endoscopy. We found a reassuringly low
rate of abnormality, with only 1 grade I esophageal ther-
mal injury observed. This rate is lower than we previ-
ously observed with conventional RFA, for which we
noted a 12% incidence of thermal injury.17 This low
rate may reflect the low energies used for ablation, with
a maximum of 10 W per channel. It also may reflect
the theoretical advantage of bipolar ablation between
adjacent electrodes, which can generate continuous but
shallower lesions18 and has the potential to ensure PVI
while reducing the risk of collateral damage to adjacent
tissues such as the esophagus. As these thermal injuries
almost certainly are precursors to the rare but feared at-
rioesophageal fistula, these data suggest that the RFB
catheter should at least not increase the risk of major
esophageal injury.
Study limitations
The major limitation of these studies is the small patient
numbers. The study and control were done sequentially and
not randomized. Radiology interpretation consensus was
based on agreement of independently reported findings
without interobserver discussion andmay have led to reduced
lesion detection, given that sensitivity varied considerably
from reviewer to reviewer (Table 5). In retrospect, interactive
dispute resolution would have allowed debate of imaging
findings before arriving at consensus, likely increasing the
number of detected lesions (eg, nominal group technique,
Delphi method).18 Although all reviewers were trained radi-
ologists, the lesions were smaller than those normally
encountered in daily radiology practice, and detection likely
would be better with group feedback and skill improvement.
MRI was performed using 2 different scanners with slightly
different configurations. Consensus MRI SWI data were
only obtained for the New Zealand patients, which makes it
difficult to assess the cause of the different adverse event
detection rates between the Christchurch and Lithuania sub-
groups. Therefore, any conclusions must be regarded as hy-
pothesis-generating.
Conclusion
We report the rates of SCLs and esophageal lesions after
ablation for atrial fibrillation using a novel visually guided
RFB system. We found an incidence of SCEs of 30%, which
is higher than the incidence in a comparator group undergo-
ing conventional ablation. We also report a low rate of silent
esophageal thermal injury.
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