Journal of Interventional Cardiac Electrophysiology (2023) 66:1621-1629
https://doi.org/10.1007/510840-023-01474-3

=

Check for
updates

Improved 1-year outcomes after active cooling during left atrial
radiofrequency ablation

Christopher Joseph' - Jose Nazari? - Jason Zagrodzky? - Babette Brumback” - Jacob Sherman® - William Zagrodzky® -
Shane Bailey® - Erik Kulstad'® - Mark MetzI?

Received: 20 October 2022 / Accepted: 10 January 2023 / Published online: 21 January 2023
© The Author(s) 2023

Abstract

Background Active esophageal cooling during pulmonary vein isolation (PVI) with radiofrequency (RF) ablation for the
treatment of atrial fibrillation (AF) is increasingly being utilized to reduce esophageal injury and atrioesophageal fistula
formation. Randomized controlled data also show trends towards increased freedom from AF when using active cooling. This
study aimed to compare 1-year arrhythmia recurrence rates between patients treated with luminal esophageal temperature
(LET) monitoring versus active esophageal cooling during left atrial ablation.

Method Data from two healthcare systems (including 3 hospitals and 4 electrophysiologists) were reviewed for patient
rhythm status at 1-year follow-up after receiving PVI for the treatment of AF. Results were compared between patients receiv-
ing active esophageal cooling (ensoETM, Attune Medical, Chicago, IL) and those treated with traditional LET monitoring
using Kaplan—Meier estimates.

Results A total of 513 patients were reviewed; 253 received LET monitoring using either single or multi-sensor temperature
probes; and 260 received active cooling. The mean age was 66.8 (SD = 10) years, and 36.8% were female. Arrhythmias were
60.1% paroxysmal AF, 34.3% persistent AF, and 5.6% long-standing persistent AF, with no significant difference between
groups. At 1-year follow-up, KM estimates for freedom from AF were 58.2% for LET-monitored patients and 72.2% for
actively cooled patients, for an absolute increase in freedom from AF of 14% with active esophageal cooling (p =.03).
Adjustment for the confounders of patient age, gender, type of AF, and operator with an inverse probability of treatment
weighted Cox proportional hazards model yielded a hazard ratio of 0.6 for the effect of cooling on AF recurrence (p =0.045).
Conclusions In this first study to date of the association between esophageal protection strategy and long-term efficacy of
left atrial RF ablation, a clinically and statistically significant improvement in freedom from atrial arrhythmia at 1 year was
found in patients treated with active esophageal cooling when compared to patients who received LET monitoring. More
rigorous prospective studies or randomized studies are required to validate the findings of the current study.
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1 Introduction

Esophageal injury culminating in atrioesophageal fistula
(AEF) that occurs weeks after radiofrequency (RF) abla-
tion for the treatment of atrial fibrillation (AF) is one of
the most severe complications of pulmonary vein isolation
(PVD) [1, 2]. Although rates of AEF are assumed to be low
at between 0.1 and 0.4%, the mortality rate is as high as
80% even with early diagnosis and treatment [1, 3]. As
such, a number of strategies such as luminal esophageal
temperature (LET) monitoring or esophageal deviation
have been utilized in attempts to reduce the occurrence of
AEF, but most have been shown to be of limited benefit,
with some recent studies suggesting trends towards harm
[3-5].

Active esophageal cooling was first proposed shortly
after the first report of an AEF arising from endocardial
ablation [6]. Early data suggested the potential for ben-
efits in reducing esophageal injury even with low-capacity
heat extraction from direct liquid instillation [7]. A com-
mercially available esophageal cooling device has demon-
strated even greater efficacy at reducing severe esophageal
lesions during RF ablation [8, 9], resulting in increased
adoption of this approach and a growing number of inves-
tigations into its effects on procedural factors [10, 11].

One outcome that has not been evaluated is the effect
of active esophageal cooling on long-term procedural
outcomes. The earliest mathematical model of esopha-
geal cooling raised the question of whether the use of an
expandable cooled balloon in the esophagus could reduce
the ability to achieve transmural lesions in the atrium [6].
Newer mathematical models have suggested little influence
on atrial tissue temperatures when using a non-expanda-
ble active esophageal cooling device [12, 13]. Long-term
follow-up data from the largest randomized controlled
trial of active esophageal cooling have been published,
showing an arrhythmia recurrence of 21.1% in actively
cooled patients versus 24.1% in patients receiving LET
monitoring [14]. Clinical data have shown that sequential
lesions placed immediately after one another have a higher
likelihood of achieving transmurality-associated unipolar
electrograms compared to delayed lesions [15]. Improved
continuity of lesion placement without pauses or reloca-
tions of the RF catheter during ablation can improve pul-
monary vein isolation success and long-term freedom from
arrhythmia [16]. Because active esophageal cooling allows
uninterrupted lesion placement without the need to pause
for temperature alarms, there is a mechanistic rationale
for active esophageal cooling to improve long-term proce-
dural efficacy over LET monitoring. Additionally, recent
studies using a phantom gel model highlight the poten-
tial harm to the esophagus from uninterrupted heating,
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which may support the hypothesis that esophageal cooling
would be particularly helpful when using uninterrupted
ablation technique [17]. With this in mind, we sought to
quantify the association between 1-year rhythm status and
the type of esophageal protection utilized in a large cohort
of patients across two healthcare systems.

2 Methods
2.1 Patients

This was a retrospective data review performed with Institu-
tional Review Board approval from the two healthcare sys-
tems involved, the NorthShore University HealthSystem and
the Texas Cardiac Arrhythmia Research Foundation at St.
David’s South Austin Medical Center. A consent form was
not required because this was a secondary research that used
identifiable private information recorded by the investigator
in such a manner that the identity of the human subjects
cannot readily be ascertained directly or through identifiers
linked to the subjects. All patients who underwent PVI per-
formed by any of four electrophysiologists in two healthcare
systems encompassing 3 different hospitals over the study
time frame from January 2018 to March 2020 were included
in this analysis. No patients who underwent PVI were
excluded from this review. The Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guide-
lines for reporting observational studies were followed. The
time period chosen for this analysis was selected to ensure
similarity of treatment across the time period analyzed, with
the only significant change being the adoption of active
esophageal cooling. The ablation techniques used at each
site otherwise remained similar (all patients had high-power
short duration (HPSD), using 50 W at one site, 40 W at the
other site, with contact-force catheters, using the same abla-
tion index targets before and after adoption of esophageal
cooling). As such, the only significant variable to change in
this analysis was the use of active esophageal cooling.

2.2 Ablation procedure

The general procedures utilized by operators at the study
sites have been previously described [10, 11]. All patients
were treated under general anesthesia for their ablation
procedure. Electrophysiologist physicians at all sites per-
formed primarily wide area circumferential pulmonary vein
isolation with additional posterior wall isolation depend-
ent on physician practice. In all cases, anticoagulation was
administered prior to ablation with a heparinized target acti-
vated clotting time (ACT) of 300 to 350 s. All sites utilized
the Carto system (Biosense Webster, Inc., Diamond Bar,
CA, USA) to obtain electroanatomical maps and create a
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three-dimensional geometry using a mapping catheter (Pen-
taRay or Lasso; Biosense Webster, Inc.). An ICE catheter
(AccuNav; Siemens, Mountain View, CA, USA or Sound-
star, Biosense Webster, Inc., Diamond Bar, CA, USA) was
positioned in the right atrium to guide the transseptal punc-
ture, and for ablation, an externally irrigated ablation cath-
eter (ST/SF™; Biosense Webster, Inc.) was used in all cases,
and a steerable decapolar catheter (Webster CS Catheter;
Biosense Webster, Inc., Diamond Bar, CA, USA) was placed
into the coronary sinus for pacing and recording. A very low
to no fluoroscopy protocol was followed for all procedures.

In one healthcare system, the pulmonary veins were iso-
lated by delivery of RF applications circumferentially to the
antral regions to produce a minimum of entrance and exit
block for at least 20 min, confirmed during isoproterenol
infusion at 10 pg/min. A Smartablate™ generator (Biosense
Webster, Inc.) was used to deliver RF energy, with a setpoint
of 40 W on all patients and all areas of the left atrium. The
Surepoint measure (Biosense Webster, Inc.) was utilized
during ablations, with a target of 350 units on the posterior
wall and 450 units on the anterior wall, lateral wall, and
septum.

In the other healthcare system, the posterior wall was iso-
lated using a combination of roof and floor linear lesions,
along with additional lesions to further segment the poste-
rior wall to achieve entrance and exit block (using output of
20 mA and 5 ms pulses). The pulmonary veins were isolated
by delivery of RF applications circumferentially to the antral
regions. The entrance and exit block was confirmed for up to
20 min. A Smartablate™ generator (Biosense Webster, Inc.,
Diamond Bar, CA, USA) was used to deliver RF energy,
with a setpoint of 50 W on all patients and all areas of the
left atrium. The Visitag Surpoint module (ablation index)
was utilized during ablations, with a target of 400 units on
the posterior wall, and 550 units on the anterior wall, lateral
wall, and septum and an intertag distance of less than 6 mm.
Patients with paroxysmal AF received only pulmonary vein
isolation without additional posterior wall ablation, whereas
patients with persistent AF received additional posterior wall
isolation, in which lines were placed with homogenization
until exit block was demonstrated throughout at highest
output.

2.3 Esophageal protection

Prior to adoption of active esophageal cooling, standard
LET monitoring was utilized in all cases. Adoption of
active esophageal cooling occurred in March 2019 in one
system and in September 2019 in the other system. In one
hospital system, the majority of sensors used before adop-
tion of active esophageal cooling were single-sensor probes,
with approximately 10% of them receiving a multi-sensor
probe (Circa S-Cath; Circa Scientific, Inc., Englewood, CO,

USA). Energy delivery was discontinued when the maxi-
mum LET on the single-sensor temperature probe or on any
sensor of the multi-sensor probe rose by more than 0.2 °C/s
or exceeded 39 °C. In patients treated with active cooling,
the position of lesions on the posterior wall was adjusted
if needed to avoid ablation directly over the esophagus if
the tissue thickness (atrium and esophageal wall) was less
than approximately 2 mm as viewed on ICE. Otherwise,
the ablation proceeded in a point-to-point fashion uninter-
rupted by pauses or alarms. In the other healthcare system,
LET monitoring was predominantly via a multi-sensor probe
(Circa S-Cath, Circa Scientific, Inc., Englewood, CO, USA).
RF ablation was stopped and the site of ablation moved to a
different distant area of the veins for any alarm over 0.2 °C/s
or a temperature exceeding 38.5 °C.

After the adoption of active esophageal cooling in both
healthcare systems, no temperature probe was utilized with
the esophageal cooling device. Ablation proceeded in a
point-to-point fashion uninterrupted by pauses due to tem-
perature elevations or overheating alarms. Active esophageal
cooling was performed using the ensoETM device (Attune
Medical, Chicago, IL, USA), a closed-loop silicone tube that
is inserted into the esophagus in similar fashion to a stand-
ard orogastric tube (Fig. 1.). The device is connected to a
temperature-controlled heat exchanger which circulates 4 °C
water at 2.4 L/min. Placement is confirmed via either fluor-
oscopy or with ICE. Except for the change to the esophageal
cooling protocol, the ablation procedure for patients in each
hospital remained the same.

2.4 Definitions

Atrial arrhythmia included AF, atrial flutter, and atrial tachy-
cardia (AT). Paroxysmal AF (PAF) was considered to be
episodes of AF that terminate spontaneously. Patients with
persistent AF had episodes that continued for > 7 days and

Fig.1 Active esophageal cooling device in place in the esophagus
at appropriate depth to ensure cooling behind the left atrium, with
endotracheal tube shown in place in the trachea (with permission)
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were not self-terminating. Patients with long-standing per-
sistent AF had ongoing long-term episodes of AF for over
a year.

2.5 Determination of rhythm status

Rhythm status was determined by review of the electronic
medical record or existing practice records maintained by
the physician practice group. This review focused specifi-
cally on status at the 12-month follow-up visit, or the last
visit attended by the patient earlier than the 12-month fol-
low-up visit in cases in which a visit was not completed
within 2 months of the 12-month anniversary of the index
PVI procedure. In the vast majority of cases, visits were
in-person, with only a small number of visits occurring via
virtual or telehealth visit. Both hospital systems utilize a
policy of stopping antiarrhythmics between 0 and 3 months
post ablation. Rhythm status was determined by ECG, Holter
monitor, wearable patch monitor, pacemaker/defibrillator, or
implantable loop recorder. Wearable patch monitoring was
typically performed with commercially available devices
such as Zio patch (iRhythm Technologies, San Francisco,
CA) or CAM patch (Bardy Diagnostics, Bellevue, WA).
Patient self-monitoring using personal devices, such as
AliveCor Kardia, Fitbit, and Apple Watch, also generally
increased during this study period, providing another means
by which patients might identify a recurrence of arrhythmia
and present to the hospital.

2.6 Statistical analysis

Continuous variables are expressed as mean =+ standard devi-
ation, with categorical variables reported in percentile value.
Kaplan—Meier curves were created and analyzed using the
log-rank test to compare the rate of freedom from arrhyth-
mia between patients receiving LET monitoring and patients
receiving active esophageal cooling. To adjust for confound-
ers, we used inverse probability of treatment weighted
estimates of a Cox proportional hazards ratio [18]. These
weights are constructed as the reciprocal of the probability
of received treatment (cooling versus control) modeled as a
logistic regression of cooling on the confounders. The con-
founders are balanced in the weighted sample. We used the
Hosmer—Lemeshow test to assess model fit for the logistic
regression. There are likely secular trends in AF incidence
due to increased use of wearable monitors over time and the
greater age and comorbidities of patients undergoing abla-
tions; however, these trends produce bias towards the null.
Results were considered significant with a p value <0.05.
Statistical analyses were performed using IBM SPSS Sta-
tistics software, version 26 (IBM, Armonk, NY).
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3 Results

A total of 513 patients were reviewed; 253 received LET
monitoring using either single or multi-sensor temperature
probes; and 260 received active cooling. The mean age
was 66.5 +9.7 in the LET-monitored group and 66.9 +9.8
in the actively cooled group (Table 1). Gender was 63%
male in the LET-monitored group and 64.6% male in the
actively cooled group. Arrhythmias were 59.7% parox-
ysmal AF, 35.6% persistent AF, and 4.7% long-standing
persistent AF in the LET-monitored group, and 60.4% par-
oxysmal AF, 33.1% persistent AF, and 6.5% long-standing
persistent AF in the actively cooled group.

In line with typical practice in the USA currently, com-
plete isolation is attained in essentially all patients before
considering the case complete and emerging the patient
from anesthesia. No differences in this measure have been
seen with the use of active esophageal cooling, which
reflects what has been reported in randomized controlled
studies [14].

The exact method utilized for arrhythmia detection is
available for approximately two-thirds of the patients, with
the breakdown of method as shown in Table 2. One trend
evident from this table is the increased use of more sensi-
tive detection instruments, such as 7-day monitors, Kardia
monitor, and Apple watch, which would be expected to
increase detection of arrhythmias in the actively cooled
group [19-21].

Specific antiarrhythmic drugs used in this subset are as
shown in Table 3.

Additional patient-level factors, such as left atrial size,
CHA2DS2-VASc Scores, re-do ablations, and antiarrhyth-
mic drug use, were available for only a subset of patients,
representing approximately one-third of the total (180
patients), in this review. For this subset, the mean left
atrial size was 4.29 cm (SD 0.75 cm), mean CHA2DS2-
VASc score was 2.46 (SD 1.55), and re-do ablation rate
was 22.1%.

Table 1 Patient demographics and type of atrial fibrillation

LET Active esophageal p value
monitoring  cooling (n=260)
(n=253)
Patient age (years) 66.5+9.7 66.9+9.8 0.64
Age range (years) 21.1t088.0 32.0t091.3
Gender (% male) 63.0 64.6 0.70
AF type
Paroxysmal, n (%) 151 (59.7) 157 (60.4) 0.87
Persistent, n (%) 90 (35.6) 86 (33.1) 0.55
Long-standing, n (%) 12 (4.7) 17 (6.5) 0.37
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Table 2 Methods used to determine arrhythmia recurrence

Method LET-monitored Actively cooled
group (n=98) group (n=231)

EKG 79.6% 79.2%

Pacer 7.1% 22%

ICD 4.1% 22%

Apple watch 2.0% 2.2%

Kardia 2.0% 52%

Telemetry monitor 2.0% 0.9%

7-day monitor 1.0% 2.2%

Echocardiogram 1.0% 0.9%

LINQ™ 1.0% 0.0%

Blood pressure machine 0.0% 0.4%

Clinical symptoms 0.0% 2.2%

EP study 0.0% 22%

During surgery 0.0% 0.4%

Abbreviation: LINQ, Reveal LINQ insertable cardiac monitor (ICM)

Table 3 Antiarrhythmic drug use in patients

Antiarrhythmic drug  LET-monitored  Actively cooled  p value
group (n=98)  group (n=231)
Amiodarone 5.1% 10.0% 0.15
Dofetilide 2.0% 0.9% 0.37
Dronedarone 1.0% 1.7% 0.63
Flecainide 3.1% 3.0% 0.99
None 87.8% 82.7% 0.25
PRN flecainide 0.0% 0.4% 0.52
Sotalol 1.0% 1.3% 0.83

At 1-year follow-up, KM estimates for freedom from
AF were 58.2% for LET-monitored patients and 72.2% for
actively cooled patients (Fig. 2), for an absolute increase in
freedom from AF of 14% with active esophageal cooling
(p=0.03, log-rank).

Multivariate analyses were conducted by computing
propensity scores for cooling using a logistic regression
of cooling on the specific operator, the type of atrial fibril-
lation, patient age, and patient gender. Then, inverse prob-
ability of treatment weighting was used with a weighted
Cox proportional hazards model [18]. The addition of
these factors results in an estimate that cooling reduces
the hazard of recurrence by a factor of 0.60 (p =0.045),
as shown in Fig. 3. Goodness-of-fit for the logistic regres-
sion was ascertained using the Hosmer—Lemeshow test
(p=0.48). Table 4 shows the logistic regression model
parameter estimates for the probability of treatment
weights.
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Fig.2 Unadjusted Kaplan—-Meier estimates of freedom from arrhyth-
mia. The rate of freedom from arrhythmia was significantly higher for
patients treated with active esophageal cooling, with curves compared
using the log-rank test

4 Discussion

In this first formal study to date the association between
esophageal protection strategy and long-term efficacy of
left atrial RF ablation, we found a clinically and statistically
significant improvement in freedom from atrial arrhythmia
at 1 year in patients treated with active esophageal cooling
when compared to patients who received LET monitoring.
Previous randomized controlled trial data have suggested
trends towards greater freedom from atrial arrhythmias at
long-term follow-up, but the smaller number of patients
evaluated did not reach statistical significance [14]. More-
over, electrophysiology fellows in training performed the
majority of procedures in randomized controlled trials,
introducing additional potential procedural inefficiencies.
The inclusion of a large number of patients across multiple
hospitals with experienced attending electrophysiologists in
this analysis increases the robustness and reliability of the
findings while demonstrating an important outcome effect
associated with active esophageal cooling. All electrophysi-
ologists included in this analysis have greater than 10-year-
experience post fellowship (ranging from as little as 10 years
to as great as 30 years of experience after fellowship).
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Fig.3 Adjusted estimates of freedom from arrhythmia, using inverse
probability of treatment weighting with a weighted Cox proportional
hazards model

Table 4 Logistic regression model parameter estimates for the prob-
ability of treatment weights

Confounder Odds ratio 95% CI

Age 1.0039 (0.985, 1.023)
Male 1.0 NA

Female 0.981 (0.671, 1.434)
Paroxysmal AF 1.0 NA

Persistent AF 1.106 (0.763, 1.608)
Operator 1 1.0 NA

Operator 2 0.394 (0.161, 0.950)
Operator 3 1.132 (0.488, 2.608)
Operator 4 1.433 (0.604, 3.384)

Fig.4 Example of continuity
index calculation for two exam-
ples of ablation patterns (with
permission) [16]

CI=0
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A mechanistic underpinning exists to explain these find-
ings, with previous studies demonstrating the importance of
lesion sequence and timing in ensuring complete isolation of
the pulmonary veins after a PVI procedure. In the EFFICAS-
II study, a formal measurement of lesion placement contigu-
ity was defined as the continuity index (CI) [16]. The CI is
quantified by the number of positions in the left atrium that
the RF catheter tip is moved over after prematurely ceasing
RF power and moving elsewhere in the atrium to perform
subsequent ablations in non-adjacent positions (Fig. 4). In
general, movement away from a lesion site is compelled by
the development of overheating at the site, triggering a tem-
perature alarm or an elevation in temperature that compels
the operator to cease delivering RF power. The operator can
then either wait for equilibration in temperature or move
to a distant site to begin ablations elsewhere in the atrium
before returning to the site adjacent to the overheated site to
continue the sequence of lesions. In either case, the prema-
turely aborted lesion is left incompletely transmural, while
the adjacent site becomes increasingly edematous from the
nearby thermal insult, rendering the new site more difficult
to obtain a transmural lesion. The result of this effect is a
larger number of partially formed, non-transmural lesions, a
reduction in the ability to fully isolate the pulmonary veins,
and a decrease in overall efficacy of the procedure. In the
EFFICAS-II study, PVI performed with a low CI (CI< 6)
had a 98% (56/57) chance of remaining isolated, while PVI
performed with a high CI (CI>6) had only a 62% (21/34)
chance of remaining isolated [16].

More recently, clinical data have shown that lesion place-
ment order is an important factor in successful lesion forma-
tion [15]. Jankelson et al. reviewed 437,760 position data
points during lesion placement, and found that sequential
lesions placed immediately after one another have a higher
likelihood of achieving transmurality-associated unipolar
electrograms compared to delayed lesions [15]. The authors
propose explanations for these findings that include the
stacking of heat from prior ablation with sequential ablation,
and the development of localized edema after lesion place-
ment, resulting in impaired lesion formation with delayed
lesions, while noting that edema formation is time dependent
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and may impede the recording of local electrograms and,
thus, may play a greater role with increased temporal delay
between lesions [15, 22-27]. As such, these findings provide
insight regarding possible mechanisms by which sequential
ablation with minimal interruption has been associated with
improved ablation outcomes [28].

Active esophageal cooling is performed without the need
for temperature sensors, as the esophageal cooling device
maintains a coolant temperature of 4 °C, and reduces the
potential for esophageal wall temperatures to reach lethal
isotherm levels [13, 29]. As a result, premature cessation of
RF energy deposition during lesion placement is unneces-
sary, and uninterrupted lesion placement can be performed
without the need to pause for temperature alarms. Thus, a
low CI can be maintained throughout the procedure, with
most cases resulting in a CI well under 6, and instead com-
monly equal to zero (most cases in the actively cooled cohort
proceeded point-to-point without need for premature ces-
sation of RF energy, yielding a CI of zero, whereas almost
all cases with temperature monitoring involved inevitable
pauses from temperature alarms). This difference likely
correlates with a higher efficacy of isolation of the pulmo-
nary veins, and a resultant improvement in freedom from
arrhythmia, when using active esophageal cooling. Rand-
omized controlled data also point to this effect, with the
1-year follow-up of patients in the IMPACT study noting
that the presence of the esophageal cooling device permit-
ted the operators to operate more comfortably in construct-
ing lesion sets in the posterior left atrium [14]. The authors
found a steady progression from one lesion site to the next,
adhering in most cases to the desired 4-6 mm between con-
secutive lesions (compared to the LET-monitored group in
which juddering progress was evident with more instances
of movement across a distance of more than 15 mm within
the posterior region) [14].

5 Limitations

This was a retrospective review of data from patients receiv-
ing standard of care outside of a formal randomized clinical
trial. As such, unmeasured confounders may exist. Other
than the change in esophageal protection strategy, no major
changes in ablation protocol occurred, and the general char-
acteristics of patients served by the hospitals did not change
during the analysis time frame. The study also did not
include data on common comorbidities which are known risk
factors for AF such as patient BMI, HTN, OSA, CHF, and
the presence/severity of AF. Further, LA size, CHA2DS2-
VASc scores, and the use of AADs were only available for
a subset of patients. As such, potential differences in these
known risks factors between groups were not accounted for
in the multivariate model, and potential bias in the primary

outcome between groups cannot be excluded in the current
study. Patients receiving re-do ablations were included in
this study. Over the time frame analyzed, re-do ablation rates
were similar. Another important limitation of the current
study was that implantable loop recorders were not utilized
uniformly to assess AF burden on follow-up and the study
relied on only conventional methods for follow-up. However,
in the latter study period, there was an increased utilization
of retail ECG monitoring devices and also increased clini-
cal use of wearable monitors by study patients, which may
have actually increased sensitivity for arrhythmia detection
in the more contemporary active esophageal cooling group
[19-21]. Finally, it should be noted that this analysis did
not include a 90-day blanking period, and arrhythmia recur-
rences occurring in this time were included. Recent studies
support that early recurrence of AF is a clinically significant
predictor of late recurrence of AF post ablation, and thus,
failures within the 90-day blanking period were included to
improve the robustness of our data [30-34].

6 Conclusions

In this first study to date of the association between esopha-
geal protection strategy and long-term efficacy of left atrial
RF ablation, a clinically and statistically significant improve-
ment in freedom from atrial arrhythmia at 1 year was found
in patients treated with active esophageal cooling when com-
pared to patients who received LET monitoring. More rigor-
ous prospective studies or randomized studies are required
to validate the findings of the current study.

Funding Research reported in this publication was supported by the
National Heart, Lung, and Blood Institute of the National Institutes
of Health under Award Number R44HL 158375. The content is solely
the responsibility of the authors and does not necessarily represent the
official views of the National Institutes of Health.

Data Availability Data available on request from the authors.

Declarations

Ethical approval This retrospective data review was performed with
Institutional Review Board approval from the two healthcare systems
involved, the NorthShore University HealthSystem and the Texas
Cardiac Arrhythmia Research Foundation at St. David’s South Austin
Medical Center.

Informed consent A consent form was not required because this was
secondary research that used identifiable private information recorded
by the investigator in such a manner that the identity of the human
subjects cannot readily be ascertained directly or through identifiers
linked to the subjects.

Conflict of interest CJ reports internship with Attune Medical; JZ re-
ports consulting for Biosense Webster and Attune Medical; BB reports

@ Springer



1628

Journal of Interventional Cardiac Electrophysiology (2023) 66:1621-1629

consulting for Attune Medical; JS reports summer internship with At-
tune Medical; WZ reports summer internship with Attune Medical;
EK reports equity and employment in Attune Medical; MM reports
consulting for Abbott, Biosense Webster, Attune Medical, Medtronic,
Sanofi Aventis, and Philips. All other authors report no disclosures.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Della Rocca DG, Magnocavallo M, Natale VN, Gianni C,
Mohanty S, Trivedi C, Lavalle C, Forleo GB, Tarantino N,
Romero J, et al. Clinical presentation, diagnosis, and treatment
of atrioesophageal fistula resulting from atrial fibrillation ablation.
J Cardiovasc Electrophysiol. 2021;32(9):2441-50. https://doi.org/
10.1111/jce.15168.

2. Halbfass P, Pavlov B, Muller P, Nentwich K, Sonne K, Barth S,
Hamm K, Fochler F, Mugge A, Lusebrink U, et al. Progression
from esophageal thermal asymptomatic lesion to perforation com-
plicating atrial fibrillation ablation: a single-center registry. Circ
Arrhythm Electrophysiol. 2017:10(8). https://doi.org/10.1161/
circep.117.005233

3. Leung LWM, Akhtar Z, Sheppard MN, Louis-Auguste J, Hayat J,
Gallagher MM. Preventing esophageal complications from atrial
fibrillation ablation: a review 02. Heart Rhythm. 2021;2(6):651—
64. https://doi.org/10.1016/j.hr00.2021.09.004.

4. Schoene K, Arya A, Grashoff F, Knopp H, Weber A, Lerche M,
Konig S, Hilbert S, Kircher S, Bertagnolli L, et al. Oesophageal
probe evaluation in radiofrequency ablation of atrial fibrillation
(OPERA): results from a prospective randomized trial. Europace.
2020;22(10):1487-94. https://doi.org/10.1093/europace/euaa209.

5. Meininghaus DG, Blembel K, Waniek C, Kruells-Muench J,
Ernst H, Kleemann T, Geller JC: Temperature monitoring and
temperature-driven irrigated radiofrequency energy titration do
not prevent thermally-induced esophageal lesions in pulmonary
vein isolation a randomized study controlled by esophagoscopy
before and after catheter ablation. Heart Rhythm. 202 1https://doi.
org/10.1016/j.hrthm.2021.02.003

6. Berjano EJ, Hornero F. A cooled intraesophageal balloon to pre-
vent thermal injury during endocardial surgical radiofrequency
ablation of the left atrium: a finite element study. Phys Med Biol.
2005;50(20):N269-279. https://doi.org/10.1088/0031-9155/50/20/
NO3.

7. Leung LW, Gallagher MM, Santangeli P, Tschabrunn C, Guerra
JM, Campos B, Hayat J, Atem F, Mickelsen S, Kulstad E: Esopha-
geal cooling for protection during left atrial ablation: a system-
atic review and meta-analysis. J Interv Card Electrophysiol. 2019.
https://doi.org/10.1007/s10840-019-00661-5

8. Leung LWM, Bajpai A, Zuberi Z, Li A, Norman M, Kaba RA,
Akhtar Z, Evranos B, Gonna H, Harding I, et al. Randomized
comparison of oesophageal protection with a temperature control

@ Springer

device: results of the IMPACT study. Europace. 2021;23(2):205-
15. https://doi.org/10.1093/europace/euaa276.

9. Tschabrunn CM, Attalla S, Salas J, Frankel DS, Hyman MC,
Simon E, Sharkoski T, Callans DJ, Supple GE, Nazarian S, et al.
Active esophageal cooling for the prevention of thermal injury
during atrial fibrillation ablation: a randomized controlled pilot
study. J Interv Card Electrophysiol. 2022;63(1):197-205. https://
doi.org/10.1007/s10840-021-00960-w.

10. Joseph C, Sherman J, Ro A, Fisher WG, Nazari J, Metzl M: Pro-
cedural time reduction associated with active esophageal cooling
during pulmonary vein isolation. J Interv Card Electrophysiol.
2022. https://doi.org/10.1007/s10840-022-01204-1

11. Zagrodzky J, Bailey S, Shah S, Kulstad E. Impact of active esoph-
ageal cooling on fluoroscopy usage during left atrial ablation. J
Innov Card Rhythm Manag. 2021;12(11):4749-55. https://doi.org/
10.19102/icrm.2021.121101.

12. Montoya MM, Mickelsen S, Clark B, Arnold M, Hanks J, Sauter
E, Kulstad E. Protecting the esophagus from thermal injury dur-
ing radiofrequency ablation with an esophageal cooling device. J
Atrial Fibrillation. 2019;11(5):2110. https://doi.org/10.4022/jafib.
2110.

13. Mercado M, Leung L, Gallagher M, Shah S, Kulstad E. Modeling
esophageal protection from radiofrequency ablation via a cooling
device: an analysis of the effects of ablation power and heart wall
dimensions. Biomed Eng Online. 2020;19(1):77. https://doi.org/
10.1186/512938-020-00821-z.

14. Wm Leung L, Akhtar Z, A IE, Bajpai A, Li A, Norman M, Kaba
R, Sohal M, Zuberi Z, Gallagher MM: Effect of esophageal cool-
ing on ablation lesion formation in the left atrium: insights from
ablation index data in the IMPACT trial and clinical outcomes.
J Cardiovasc Electrophysiol. 2022. https://doi.org/10.1111/jce.
15717

15. Jankelson L, Dai M, Aizer A, Bernstein S, Park DS, Holmes D,
Chinitz LA, Barbhaiya C. Lesion sequence and catheter spatial
stability affect lesion quality markers in atrial fibrillation ablation.
JACC Clinical Electrophysiol. 2021;7(3):367-77. https://doi.org/
10.1016/j.jacep.2020.09.027.

16. Kautzner J, Neuzil P, Lambert H, Peichl P, Petru J, Cihak R,
Skoda J, Wichterle D, Wissner E, Yulzari A, et al. EFFICAS II:
optimization of catheter contact force improves outcome of pul-
monary vein isolation for paroxysmal atrial fibrillation. Europace.
2015;17(8):1229-35. https://doi.org/10.1093/europace/euv057.

17. Steiger N, Qian PC, Foley G, Bomma T, Kreidieh O, Whitaker
J, Thurber CJ, Koplan BA, Tadros TM, Kapur S, et al. Measured
temperatures using uninterrupted and interrupted sequences of
radiofrequency applications in a phantom gel model: implications
for esophageal injury. J Interv Card Electrophysiol. 2022. https://
doi.org/10.1007/s10840-022-01373-z

18. Hernan MA, Brumback B, Robins JM. Marginal structural models
to estimate the joint causal effect of nonrandomized treatments.
J Am Stat Assoc. 2001;96(454):440-8. https://doi.org/10.1198/
016214501753168154PMID.

19. Wang L, Nielsen K, Goldberg J, Brown JR, Rumsfeld JS, Stein-
berg BA, Zhang Y, Matheny ME, Shah RU. Association of wear-
able device use with pulse rate and health care use in adults
with atrial fibrillation. JAMA Netw Open. 2021;4(5):e215821—
€215821. https://doi.org/10.1001/jamanetworkopen.2021.5821.

20. Wan EY, Ghanbari H, Akoum N, Itzhak Attia Z, Asirvatham
SJ, Chung EH, Dagher L, Al-Khatib SM, Stuart Mendenhall
G, McManus DD, et al. HRS white paper on clinical utiliza-
tion of digital health technology. Cardiovasc Digit Health J.
2021;2(4):196-211. https://doi.org/10.1016/j.cvdhj.2021.07.001.

21. Wang YC, Xu X, Hajra A, Apple S, Kharawala A, Duarte G,
Liagat W, Fu Y, Li W, Chen Y, et al Current advancement in
diagnosing atrial fibrillation by utilizing wearable devices and


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/jce.15168
https://doi.org/10.1111/jce.15168
https://doi.org/10.1161/circep.117.005233
https://doi.org/10.1161/circep.117.005233
https://doi.org/10.1016/j.hroo.2021.09.004
https://doi.org/10.1093/europace/euaa209
https://doi.org/10.1016/j.hrthm.2021.02.003
https://doi.org/10.1016/j.hrthm.2021.02.003
https://doi.org/10.1088/0031-9155/50/20/N03
https://doi.org/10.1088/0031-9155/50/20/N03
https://doi.org/10.1007/s10840-019-00661-5
https://doi.org/10.1093/europace/euaa276
https://doi.org/10.1007/s10840-021-00960-w
https://doi.org/10.1007/s10840-021-00960-w
https://doi.org/10.1007/s10840-022-01204-1
https://doi.org/10.19102/icrm.2021.121101
https://doi.org/10.19102/icrm.2021.121101
https://doi.org/10.4022/jafib.2110
https://doi.org/10.4022/jafib.2110
https://doi.org/10.1186/s12938-020-00821-z
https://doi.org/10.1186/s12938-020-00821-z
https://doi.org/10.1111/jce.15717
https://doi.org/10.1111/jce.15717
https://doi.org/10.1016/j.jacep.2020.09.027
https://doi.org/10.1016/j.jacep.2020.09.027
https://doi.org/10.1093/europace/euv057
https://doi.org/10.1007/s10840-022-01373-z
https://doi.org/10.1007/s10840-022-01373-z
https://doi.org/10.1198/016214501753168154PMID
https://doi.org/10.1198/016214501753168154PMID
https://doi.org/10.1001/jamanetworkopen.2021.5821
https://doi.org/10.1016/j.cvdhj.2021.07.001

Journal of Interventional Cardiac Electrophysiology (2023) 66:1621-1629

1629

22.

23.

24.

25.

26.

27.

28.

artificial intelligence: a review study. Diagnostics (Basel).
2022;12(3). https://doi.org/10.3390/diagnostics 12030689
Barbhaiya CR, Kogan EV, Jankelson L, Knotts RJ, Spinelli M,
Bernstein S, Park D, Aizer A, Chinitz LA, Holmes D. Esophageal
temperature dynamics during high-power short-duration posterior
wall ablation. Heart Rhythm. 2020;17(5):721-7. https://doi.org/
10.1016/j.hrthm.2020.01.014PMID:31978595.

Lardo AC, McVeigh ER, Jumrussirikul P, Berger RD, Calkins H,
Lima J, Halperin HR. Visualization and temporal/spatial charac-
terization of cardiac radiofrequency ablation lesions using mag-
netic resonance imaging. Circ. 2000;102(6):698-705. https://doi.
org/10.1161/01.cir.102.6.698.

Weerasooriya R, Jais P, Sanders P, Scavée C, Hsu LF, Hocini
M, Clementy J, Haissaguerre M. Images in cardiovascular medi-
cine. Early appearance of an edematous tissue reaction during
left atrial linear ablation using intracardiac echo imaging. Circ.
2003;108(11):80. https://doi.org/10.1161/01.Cir.0000083530.
08597.

Okada T, Yamada T, Murakami Y, Yoshida N, Ninomiya Y,
Shimizu T, Toyama J, Yoshida Y, Ito T, Tsuboi N, et al. Preva-
lence and severity of left atrial edema detected by electron beam
tomography early after pulmonary vein ablation. ] Am Coll Car-
diol. 2007;49(13):1436-42. https://doi.org/10.1016/].jacc.2006.
10.076.

Wright M, Harks E, Deladi S, Fokkenrood S, Brink R, Belt H,
Kolen AF, Rankin D, Stoffregen W, Cockayne DA, et al. Char-
acteristics of radiofrequency catheter ablation lesion formation
in real time in vivo using near field ultrasound imaging. JACC:
Clin Electrophysiol. 2018;4(8):1062—72. https://doi.org/10.1016/].
jacep.2018.04.002.

Havranek S, Alfredova H, Fingrova Z, Souckova L, Wichterle D.
Early and delayed alteration of atrial electrograms around single
radiofrequency ablation lesion. Front Cardiovasc Med. 2019;5.
https://doi.org/10.3389/fcvm.2018.00190

Jankelson L, Dai M, Bernstein S, Park D, Holmes D, Aizer A,
Chinitz L, Barbhaiya C. Quantitative analysis of ablation tech-
nique predicts arrhythmia recurrence following atrial fibrillation
ablation. Am Heart J. 2020;220:176-83. https://doi.org/10.1016/j.
ahj.2019.11.011PMID.

29.

30.

31.

32.

33.

34.

Kulstad E, Mercado-Montoya M, Gomez-Bustamante T, Berjano
E, Mickelsen S, Daniels J, Hernandez-Arango P, Schieber J: Influ-
ence of tissue thickness on thermal latency during high-power
short-duration radiofrequency ablation with proactive esophageal
cooling. EP Europace. 2022;24(Supplement_1). https://doi.org/10.
1093/europace/euac053.085

Kim YG, Boo KY, Choi JI, Choi YY, Choi HY, Roh SY, Shim
J, Kim JS, Kim YH. Early recurrence is reliable predictor of late
recurrence after radiofrequency catheter ablation of atrial fibril-
lation. JACC Clinical electrophysiol. 2021;7(3):343-51. https://
doi.org/10.1016/j.jacep.2020.09.029.

Li Z, Wang S, Hidru TH, Sun Y, Gao L, Yang X, Xia Y. Long
atrial fibrillation duration and early recurrence are reliable pre-
dictors of late recurrence after radiofrequency catheter ablation.
Front Cardiovasc Med. 2022;9:864417. https://doi.org/10.3389/
fcvm.2022.864417.

Kahle AK, Jungen C, Scherschel K, Alken FA, Meyer C. Relation-
ship between early and late recurrences after catheter ablation for
atrial tachycardia in patients with a history of atrial fibrillation.
Circ Arrhythm Electrophysiol. 2022;15(6):e010727. https://doi.
org/10.1161/circep.121.010727.

Amankwah NA, Pothineni NVK, Guandalini G, Santangeli P,
Schaller R, Supple GE, Deo R, Nazarian S, Lin D, Epstein AE.
et al. Impact of atrial fibrillation recurrences during the blank-
ing period following catheter ablation on long-term arrhythmia-
free survival: a prospective study with continuous monitoring.
J Interv Card Electrophysiol. 2022. https://doi.org/10.1007/
$10840-022-01291-0

Levine YC, Ifedili I, Linz D: Atrial fibrillation during the blanking
period post ablation correlates with long-term recurrence: myth
vs reality. J Interv Card Electrophysiol 2022. https://doi.org/10.
1007/310840-022-01371-1

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.3390/diagnostics12030689
https://doi.org/10.1016/j.hrthm.2020.01.014PMID:31978595
https://doi.org/10.1016/j.hrthm.2020.01.014PMID:31978595
https://doi.org/10.1161/01.cir.102.6.698
https://doi.org/10.1161/01.cir.102.6.698
https://doi.org/10.1161/01.Cir.0000083530.08597
https://doi.org/10.1161/01.Cir.0000083530.08597
https://doi.org/10.1016/j.jacc.2006.10.076
https://doi.org/10.1016/j.jacc.2006.10.076
https://doi.org/10.1016/j.jacep.2018.04.002
https://doi.org/10.1016/j.jacep.2018.04.002
https://doi.org/10.3389/fcvm.2018.00190
https://doi.org/10.1016/j.ahj.2019.11.011PMID
https://doi.org/10.1016/j.ahj.2019.11.011PMID
https://doi.org/10.1093/europace/euac053.085
https://doi.org/10.1093/europace/euac053.085
https://doi.org/10.1016/j.jacep.2020.09.029
https://doi.org/10.1016/j.jacep.2020.09.029
https://doi.org/10.3389/fcvm.2022.864417
https://doi.org/10.3389/fcvm.2022.864417
https://doi.org/10.1161/circep.121.010727
https://doi.org/10.1161/circep.121.010727
https://doi.org/10.1007/s10840-022-01291-0
https://doi.org/10.1007/s10840-022-01291-0
https://doi.org/10.1007/s10840-022-01371-1
https://doi.org/10.1007/s10840-022-01371-1

	Improved 1-year outcomes after active cooling during left atrial radiofrequency ablation
	Abstract
	Background 
	Method 
	Results 
	Conclusions 

	1 Introduction
	2 Methods
	2.1 Patients
	2.2 Ablation procedure
	2.3 Esophageal protection
	2.4 Definitions
	2.5 Determination of rhythm status
	2.6 Statistical analysis

	3 Results
	4 Discussion
	5 Limitations
	6 Conclusions
	References


