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a b s t r a c t

Background: Oesophageal changes and injuries were recorded after atrial fibrillation(AF) ablation pro-
cedures. The reduction of power in the posterior left atrial(LA) wall(closest to the oesophagus) and the
monitoring of temperature in the oesophagus(OE) reduced oesophageal injuries. The intracardiac-
echocardiography(ICE) with a Cartosound module provides two-dimensional imaging (2D) to assess
detailed cardiac anatomy and its relationship with the OE. The aim of this study was to highlight the
safety and feasibility of 3D-reconstruction of the oesophageal course in left atrial catheter ablation(CA)
procedures without OE temperature probe or quadripolar catheter to guide ICE OE reconstruction.
Methods: 180 patients(PT) underwent left atrial ablation. AF ablation were 125(69.5%); incisional left
atrial tachycardias(IAFL) were 37(20.6%); left atrial tachycardias(LAT) were 19(10.6%). The LA and pul-
monary vein anatomies were rendered by traditional electroanatomic mapping(EAM) and merged with
an ICE anatomic map. In 109 PT ICE imaging was used to create a geometry of the OE(group A). A
quadripolar catheter was used in 71 PT to show OE course associated to ICE(group B).
Results: Ablation energy delivery was performed outside the broadest OE anatomy borders. The duration
of procedures was longer in group B vs group A Fluoroscopy time was lower in Group A than Group
B(Group A 7 ± 3.2 vs 19.2 ± 2.4 min; p < 0.01).
Conclusions: OE monitoring with ICE is safe and feasible. Oesophageal anatomy is complex and variable.
Many PT will have a broad oesophageal boundary, which increases the risk of untoward thermal injury
during posterior LA ablation. ICE with 3D construction of the OE enhances border detection of the OE,
and as such, should decrease the risk of oesophageal injury by improving avoidance strategies without
intra-oesophageal catheter visualization.
Copyright © 2020, Indian Heart Rhythm Society. Production and hosting by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Oesophageal changes and injuries were recorded after AF
ablation procedures [1e3]. This complication is related to the OE
position [1]. The OE is immediately contiguous to the left atrial
posterior wall (LAPW) and it has a variable relationship to the left
and right pulmonary veins [4e6]. Atrio-oesophageal fistula (AOF) is
a devastating complication that may well be under-reported; it has
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an incidence reported to be between 0.05 and 1.3% [7e9]. Possible
risk factors of fistula formation are general anesthesia, left atrium
(LA) to OE distance, the anatomical position of OE concerning LA,
the use of nasogastric tubes, the magnitude and duration of local
tissue heating and the thickness and the character of intervening
connective tissue [10]. The temperature probe is the most used tool
to prevent AOF. When it is not optimally positioned anatomically, it
provides a false sense of security of ablation safety, and energy
delivery may be delivered to vulnerable regions of the OE [7]. Real-
time imaging, such as the use of temperature probes and diagnostic
characters, is useful to assess the general oesophageal location but
does not adequately define anatomic variation, such as in the
presence of hiatal hernia [11]. Continuous monitoring of luminal
temperature does not serve as a means to prevent injury, as even
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the small rises in intraluminal temperatures that are often delayed
can reflect extensive extraluminal heating. The utility of these de-
vices would greatly decrease with distance from the catheter,
leaving uncovered regions of the OE vulnerable [1,7]. Despite the
application of this preventative measure, cases of atrial-
oesophageal fistulas have been reported [7]. Using ICE with an
electronic phased array transducer catheter provides 2D imaging
and 3D reconstruction merged on a Carto system to assess the
detailed cardiac 3D anatomy of the LA and shows a tri-dimensional
oesophageal course [12]. This study aimed to highlight the safety
and feasibility of 3D reconstruction of the oesophageal course in LA
catheter ablation procedures to improve anatomical OE details and
reduce complications that are OE-related without OE temperature
probe. We compared the OE reconstruction with a quadripolar
catheter positioned into OE.

2. Methods

2.1. Studied population

One eighty hundred patients (PT) underwent LA ablation. All
consecutive patients were prospectively enrolled. The baseline
demographics of all population are listed in Table 1. One-hundred-
twenty-five PT underwent AF ablation (69.5%), 37 PT IAL ablation
(20.6%), 19 PT LAT ablation. The IAL PT underwent a previous car-
diac surgery; twenty-six PT performed mitral valve replacement.
Seven PT performed mechanical mitral valve implantation. Four
patients underwent biologic mitral valve implantation. The LA
surgical approach was “the extended vertical transatrial septal
approach to themitral valve”, described as first by Guiradon in 1991
[13]. The averages age was 65 ± 9.3 years. 80% of all populationwas
male. 57.2% had arterial hypertension being treated with antihy-
pertensive drugs. The LA and pulmonary vein anatomies were
rendered by traditional EAM and merged with an ICE anatomic
map. The duration of procedure referred to the beginning of the
procedure, from the admission of the patient in the EP laboratory to
the end of the procedure, after 20min over the last RF delivery. One
hundred nine PT performed OE monitoring with ICE (group A). In
71 PT a quadripolar catheter was positioned into OE until its tip
height was approximately 1e2 cm under the lowest part of the LA
using fluoroscopy (group B). A standard quadripolar catheter
coated with lubrificant, is nasally inserted into the OE under fluo-
roscopy guidance. In group B the course of OE was performed using
ICE and quadripolar catheter shown on EAM. The electrode catheter
is kept within the OE during the entire CA procedure, and the
electrode location is continuously displayed and monitored. The PT
Table 1
.Biometric data of the study population. BSA: body surface area; CAD: coronary artery d
ventricle ejection fraction.

Biometric data of Study Population Total (n. 180)

Age years (mean/st. dev.) 62.2 ± 5.9
BSA (mean/st. dev.) 2.2 ± 0.5
Male (n/%) 144/80
Hypertension (n/%) 97/53.9
Diabetes (n/%) 52/28.9
Smokers (n/%) 57/31.7
CAD (n/%) 64/35.6
Dyslipidemia (n/%) 80/44.5
LVEF %(mean/st. dev.) 64.8 ± 12.6
LAV ml (mean/st. dev.) 54.9 ± 6.9
LAVi ml/m2 (mean/st. dev.) 29.3 ± 4.9
Antiarrhytmics drugs (n/%) 147/81.7
Atrial fibrillation (n/%) 125/69.5
Incisional atrial tachycardia (n/%) 37/20.6
Left atrial tachycardia (n/%) 19/10.6
were divided into two groups to verify the feasibility of OE recon-
struction without a reference (quadripolar catheter) in OE during
OE reconstruction using ICE. In all PT the ICE was used during CA
procedures for transseptal puncture, LA anatomical reconstruction,
monitoring pericardial effusion, and visualize OE. The integration of
ICE imagingwas used to create a geometry of the OE in both groups.
All PT used a proton pump inhibitor drug for twoweeks after the CA
procedure. All of the procedures were performed under conscious
sedation using bolus administration of fentanyl and midazolam. A
written informed consent was obtained. All work was in compli-
ance with the Declaration of Helsinki.

2.2. Catheter positioning, mapping and ablation procedure

After standard femoral access, a 3.5-mm externally irrigated
radiofrequency (RF) ablation catheter (Thermocool SF; Biosense-
Webster, Thermocool Smart touch Inc., Diamond Bar, CA) was
advanced into the inferior vena cava (IVC) under EAM system
guidance (CARTO 3, Biosense-Webster, Inc., Diamond Bar, CA).
Three-dimensional (3D) geometric contours of the IVC were
created by sweeping the catheter tip while advancing it up until the
initial appearance of atrial electrograms that denoted the junction
between the IVC and the right atrium (RA). Any difficulties in
catheter advancement were overcomewith a geometric acquisition
of the trajectory of the catheter through the venous system. Ulti-
mately, the catheter was advanced to the RA to delineate its border.
Once the 3D shell of the RA was obtained, two quadripolar cathe-
ters were advanced into the RA and positioned respectively in the
His bundle region and the right ventricle (RV) using the right and
left anterior oblique views of the EAM system. In the same manner,
a decapolar deflectable catheter was advanced into the distal cor-
onary sinus, where required. ICE was used to provide information
on the individual pulmonary vein anatomy, such as the number of
PVs, the presence of common ostia and of additional PVs, which
may influence the ablation strategy in anatomical based isolation
procedures. The anatomy of LAwas then reconstructed using an ICE
and CARTOSOUND module (Soundstar, Biosense Webster Inc, Dia-
mond Bar, CA). Briefly sequential 2D ICE contours were acquired
and used to create a 3D map of the LA. ICE CARTOSOUND map was
merged on CARTO EAM. Besides the ICE imaging was used to guide
transseptal catheterization, assist positioning of the mapping and
ablation catheters at the pulmonary veins (PV) ostium, measure PV
ostial flow before and after RF lesions, and monitor for possible
complications. PV isolation was the only AF ablation strategy.
Ablation lesions are created at 30 ± 5 W (irrigation at 17 ml/min,
the maximum temperature of 33 ± 3 �C) for 60e90 s. Energy
isease, LAV: left atrial volume; LAVi: left atrial volume indexed by BSA; LVEF: Left

Group a (n. 109) Group b (n.71) p value

63.2 ± 9.4 61.1 ± 2.6 NS
2.2 ± 0.4 2.19 ± 0.6 NS
87/80 57/80.2 NS
62/57 35/49.3 NS
30/28 22/31.1 NS
35/32 22/31.1 NS
39/36 25/35.2 NS
48/44 32/45.1 NS
65.1 ± 13 64.5 ± 12.2 NS
55.3 ± 7.6 54.4 ± 6.2 NS
29.7 ± 5.4 28.9 ± 4.3 NS
89/82 58/81.7 NS
76/70 49/60 NS
22/20 15/21.1 NS
11/10 8/11.2 NS



Fig. 1. EAM with pulmonary veins and OE. The locations of the OE to the posterior left atriumwas leftward in the left image, midline in the central image and rightward in the right
image. RIPV: right inferior pulmonary vein. RSPV: right superior pulmonary vein. LIPV: left inferior pulmonary vein. LSPV: left superior pulmonary vein.
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delivery was reduced near OE to 25 ± 5 W. The region was not
retargeted for a minimum of 2 min. Antiarrhythmic drugs were
stopped two days before the CA.

2.3. Oesophageal reconstruction

The SoundStar® catheter was inserted into the femoral vein
through an 11-Fr introducer sheath and advanced into the RA. To
image and monitor the OE and the LAPW oesophageal contiguous
wall region, the transducer was placed into the middle/high RA and
rotated clockwise to scan between the mid/lower right and left PV
Ostia during the ablation procedure. ICE imaging was used to
identify the location of the OE relative to the LAPW (Fig. 1 a-c). The
course of the OE was then reconstructed using ICE with a
Fig. 2. aeb) EAM with pulmonary veins and OE. The OE was interpolated with an ultrasound
tracked OE during ICE acquisition.
CARTOSOUND module (Siemens, Acuson Cypress PLUS e Fig. 1c).
Briefly, sequential 2D ICE contours were acquired and used to
create a 3D map of the atria with the OE (Fig. 2). Using EAM, the
anterior and posterior oesophageal surfaces were marked on EAM.
The ICE catheter was further torqued clockwise with oesophageal
surface rendering every 2e3 mm until the medial border was
identified. The oesophageal map was created before transseptal left
atrial access to minimize echo artifacts from the left atrial sheaths
and catheters within the LA. Oesophageal imaging features were
evaluated, and position and relationship with LAPWwas noted. The
location of the OE based upon reference to the posterior LA was
leftward, midline and rightward. The time necessary to reconstruct
OE using ICE was 5 ± 1.6 min.
beam. CS: coronary sinus catheter, painted green. c) 2D ultrasound beam with a green
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2.4. Statistical analysis

Continuous data were expressed as mean ± standard deviation.
Analyses were performed using SPSS 20 for Windows (SPSS Inc.,
Chicago, IL, USA).
3. Results

No differences were shown between two groups regarding OE
damage. In group B ICE showed the course of quadripolar catheter
on the OE. The duration of CA procedures was longer in group B
than group A (Group A: 258.2 ± 20 min vs Group B
385.6 ± 19.2 min) due to movements of PT with a quadripolar
catheter into OE. Fluoroscopy time was lower in Group A than
Group B (Group A 7 ± 3.2 vs 19.2 ± 2.4 min; p < 0.01). In the overall
population studied the location of the OE to the posterior LA was
leftward in 11.9%, midline in 53.2% and rightward in 34.8% (Fig. 1).
Ablation energy delivery was performed outside the greatest OE
anatomy borders. Among those with 12-month follow-up, 67.9%
were AF-free, 89.7% were IAFL-free and 90% were LAT-free. No PT
developed atrial-oesophageal fistula or complications related to the
OE. The OE position was not related to sex, hiatal hernia, drugs,
smoke or left atrial dimension. One patient had a left inferior pul-
monary vein level with the ten o’clock of the circumference of the
vein, as a principal trigger of AF; the OE of this patient had a very
particular course on the leftward side between the inferior course
of the superior left pulmonary vein and superior course of the
inferior pulmonary vein, at the ten o’clock visualization of the vein
(Fig. 3). The course was posterior to the superior left pulmonary
vein wall and lateral to the inferior left pulmonary vein. Another
case described was a left isthmus precisely posterior to the oeso-
phageal course (Fig. 4).
Fig. 3. .Particular course of the OE. The OE course of this patient had a very particular course
vein. LIPV: left inferior pulmonary vein. LSPV: left superior pulmonary vein. LAA: left atria
4. Discussion

The oesophageal anatomy is complex and variable [5,6]. 3D ICE/
Cartosound imaging can add important spatial/anatomical re-
lationships between the LAPW with PV Ostia and the OE, which
enhances the capability of modifying ablation lesions in proximity
to the OE by adjusting the power, temperature and duration of
lesion application [12e16]. ICE with 3D construction of the OE
enhances border detection of the OE, and as such, should decrease
the risk of oesophageal injury by reducing the power of radio-
frequency [12]. As an alternative, the use of an intra-oesophageal
temperature probe may increase the risk of oesophageal damage,
possibly by fixing the OE into position and even pressing the
anterior oesophageal wall against the left-atrial posterior wall [17].
ICE 3D mapping for understanding oesophageal characteristics has
many potential advantages during left atrial ablation [12,18]. First, it
is a real-time assessment of the OE during the ablative procedure, it
reproduces not a static image of the OE but a live monitoring of the
position and course of the OE [16]. Ultrasound imaging of the OE
depends onwhether the OE is collapsed or distended [19]. A variety
of oesophageal imaging features e including whether filled with
gas, fluid or both, movement within its segment or variably
collapsed lumen, may identify the OE with real-time 2D ICE and a
fixed 3D Cartosound reconstruction, while monitoring during the
LA ablation procedure [17,20,21]. We did not use general anes-
thesia, so once the procedure begins, the oesophageal location and
anatomical characteristics should be relatively recognizable, by
swallowing the patient during the visualization of the OE along its
entire journey [22]. The use of the OE temperature probe or cath-
eter, to identify the OE borders, is sometimes associated with OE
injuries and increased fluoroscopy duration during CA procedures
[23,24]. The metal thermistor of the electrode in OE may interact
on the leftward side between the left pulmonary veins. RSPV: right superior pulmonary
l appendage.



Fig. 4. .The left critical isthmus was precisely posterior to the oesophageal course. RSPV: right superior pulmonary vein. LIPV: left inferior pulmonary vein. LSPV: left superior
pulmonary vein. CS: coronary sinus catheter.
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with the RF current and may act as secondary antennas during RF
application [24]. Besides, in our studied population the catheter in
OE determined discomfort, nausea and movements of the patients
that could affect the accuracy of the merged EAM/ICE map and
prolong CA duration procedure. Furthermore, ICE 3D OE mapping
can be directly integrated into the 3Dmap of the LA and pulmonary
veins and provides fluoroless, real-time localization of the OE
during left atrial ablation [11,12]. In our electrophysiological (EP)
laboratory, all medical staff use the X-ray explosion only for
transseptal puncture; so ICE OE monitoring represents a tool that is
useful to improve ‘a near-zero fluoroscopy’ LA approach [19]. The
prolonged interventional procedures have added to stochastics
effects also the deterministic effects. During ablation the prolonged
fluoroscopic guidance exposed the patients to significant levels of
radiation exposure because of these potential risks and the linear
relationship between radiation dose and increased risk of future
malignancy. The radiation exposure must be “as low as reasonably
achievable” (ALARA) [22]. Obese patients receive more than twice
the effective radiation dose of normal-weight patients. This trans-
lates to over 2.5 times the attributable lifetime risk of all-cancer
mortality for obese patients compared with normal-weight pa-
tients. However, the physician, nursing, and technical staff are
exposed to x-rays daily. Potential negative effects of direct radiation
exposure include cataracts and malignancies [22]. Variability of the
oesophageal course was shown in our cases. Some PT had an
oblique oesophageal course, from the right inferior pulmonary vein
to the left superior pulmonary vein named in a midline position. As
ablation strategies continue to evolve, a more precise under-
standing of oesophageal position and anatomy will be of increasing
importance, particularly if longer or more extensive posterior left
atrial ablation is required [24]. As mentioned previously, we believe
that understanding the oesophageal anatomy itself is as important
as knowing the location, as reported in Figs. 1 and 4, to avoid
oesophageal damage [19]. In fact, as an alternative, the positioning
of the oesophageal temperature probe tip can be adjusted to meet
the level of the ablation catheter electrode based on the
fluoroscopic imaging [25]. Lateral displacement using a tempera-
ture probe tip, can exaggerate the distance between the lesion site
and the probe location in the oesophageal lumen and may limit its
accuracy and sensitivity in monitoring the temperature change
during the RF delivered at the LAPW-oesophageal region [7,11]. In
this observational study the use of OE visualization with combined
use of ICE and quadripolar catheter into OE, increased the duration
of procedures and fluoroscopy exposure without any reduction of
OE injuries. In our EP laboratory, the use of ICE with a Cartosound
module improved the safety of left atrial CA procedures. It added
the continuous monitoring of pericardium, anatomical recon-
struction, transseptal puncture. Moreover, the use of ICE allows
real-time visualization of the OE course with a reduction of fluo-
roscopy exposure.

4.1. Limitations

At present, the 3D ICE technology is not true real-time imaging
[11]. 3D ICE was performed with a 2D transducer using a multiple
scan approach for sequential data acquisition, gated to ECG and
respiration. This methodology is limited by the need for multiple
image sampling producing long data acquisition times and some
image artifacts. Besides, as compared to the real-time 2D ICE, 3D
ICE has a low spatiotemporal resolution and a slow imaging
acquisition rate. To overcome these limitations, real-time 3D ICE
with the furtherminiaturization of thematrix-array transducer and
the use of an advanced integrated circuit will be required.

5. Conclusions

OE monitoring with ICE is safe and feasible. The oesophageal
anatomy is complex and variable. Many PT will have a broad
oesophageal boundary, which increases the risk of untoward
thermal injury during posterior left atrial ablation. The traditional
tools to assess the OE using an intraluminal catheter and 3D
mapping, or fluoroscopy with visual assessment of an intra-
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oesophageal temperature problem, often grossly underestimate the
true margins of the OE and can prolong the CA procedures. ICE with
3D construction of the OE enhances border detection of the OE, and
as such, should reduce the risk of oesophageal injury by improving
avoidance strategies and by real-time oesophageal visualization
without fluoroscopy use for real-time OE monitoring.
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