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Abstract
BACKGROUND—Catheter ablation of the left atrium (LA) is associated with potential collateral
injury to surrounding structures, especially the esophagus and the right phrenic nerve (PN).

OBJECTIVES—The purpose of this study was to evaluate the efficacy and feasibility of
intrapericardial balloon placement (IPBP) for protection of collateral structures adjacent to the LA.

METHODS—Electroanatomic mapping was performed in porcine hearts using a transseptal
endocardial approach in eight swine weighing 40–50kg. An intrapericardial balloon was inflated
in the oblique sinus, via percutaneous epicardial access, to displace the esophagus. Similarly, with
the balloon positioned in the transverse sinus, IPBP was used to displace the right PN. Esophageal
temperature was monitored while endocardial radiofrequency (RF) energy was delivered to the
distal inferior PV.

RESULTS—In all cases, balloon placement was successful with no significant effects on
hemodynamic function. Balloon inflation increased the distance between the esophagus and
posterior LA by 12.3±4.0mm. IPBP significantly attenuated increases in luminal esophageal
temperature during endocardial RF application (6.1±2.4°C vs 1.2±1.1°C, p<0.0001). High-output
endocardial pacing from the RSPV ostium stimulated PN activity. Following displacement of the
right PN with IPBP, PN capture was abolished in 30 of 33 sites (91%).

CONCLUSIONS—These findings demonstrate that in an animal model, IPBP is feasible in the
setting of catheter ablation procedures and has the potential to decrease the risk of collateral
damage to the esophagus and PN during LA ablation.
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Pulmonary vein (PV) isolation by endocardial catheter ablation is an established treatment
for atrial fibrillation (AF).1 Supplemental linear ablations have improved efficacy in some
cases, particularly for persistent AF.2,3 However, a major risk associated with endocardial
ablation is collateral damage to tissues near the posterior left atrium (LA), which can have
lethal consequences.4 Collateral damage from endocardial ablation may result in atrio-
esophageal fistula5 or phrenic nerve (PN) injury.6,7 The risk of collateral damage limits
application of radiofrequency (RF) energy in certain areas such as the posterior LA wall and
near the right superior PV (RSPV).

Intrapericardial balloon retraction of the LA for prevention of esophageal injury during
endocardial catheter ablation was recently reported.8 Balloon inflation9,10 or infusion of
air11 into the pericardial space has also been used for protection of the left PN during
epicardial VT ablation. Despite these case reports, no systematic assessment of an
intrapericardial balloon protection strategy has been performed to demonstrate protection of
collateral tissues during LA ablation. The purpose of this study was to assess the efficacy
and feasibility of a novel intrapericardial balloon placement (IPBP) technique to displace
and protect the esophagus and right PN during LA ablation.

METHODS
This protocol was approved by the UCLA Animal Research Committee and was performed
according to institutional guidelines.

Animals and preoperative preparation
Eight pigs weighing 40–50kg were anesthetized with 1.4mg/kg Telazol (intramuscular), and
then intubated. Artificial respiration was maintained via endotracheal tube and mechanical
ventilator (Summit Medical, Bend, OR). General anesthesia was maintained with inhaled
1.5% to 2.5% isoflurane. Femoral venous and arterial catheters were inserted using modified
Seldinger technique. Electrocardiogram (ECG) and arterial pressure were monitored
continually during procedures. Luminal esophageal temperature was monitored as
previously described,12–14 by inserting an esophageal catheter (Blazer II 4mm tip catheter,
EP Technologies/Boston Scientific) orally and advancing to the level of the LA under
fluoroscopic guidance. Epicardial access was obtained via subxiphoid puncture using a
Tuohy needle as previously described;8 an 8 French sheath (SL0, St. Jude Medical, Inc.) or
an 8.5 French deflectable sheath (Agilis™, St. Jude Medical, Inc.) was advanced over a
guidewire into the pericardial space. After administration of intravenous heparin, a single
transseptal puncture was performed to pass an 8 French SL0 sheath into the LA. A circular
mapping catheter (Optima™, St. Jude Medical, Inc.) and a 4mm steerable electrophysiology
catheter were used for mapping the LA and PVs endocardially.

Intrapericardial balloon placement
Through the epicardial sheath, Meditech 4cm balloon catheters (diameter: 12mm to 18 mm;
Meditech, Boston Scientific) were advanced over a guidewire to the oblique sinus,
immediately adjacent to the posterior LA. When positioned between the LA and esophagus,
the balloon was inflated with a contrast agent using an insufflator until complete inflation
was observed radiographically. In addition to fluoroscopy, electroanatomic (EA) mapping
(NavX system, St. Jude Medical, Inc.) was used to determine LA geometry and analyze
movement of the common inferior PV (CIPV) antrum and the esophagus, with three-
dimensional geometry created by a quadripolar electrophysiology catheter before and after
balloon inflation. Mean arterial pressure and heart rate were continuously monitored for the
duration of the procedure.
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In porcine hearts, the CIPV is the cardiac structure situated closest to the esophagus. A non-
irrigated 4mm-tip ablation catheter (Celsius, Biosense Webster) was positioned
endocardially at the distal CIPV to deliver RF energy near the esophagus with and without
IPBP. The balloon catheter was positioned in the intrapericardial space between the ablation
catheter and the esophagus. To verify reproducibility of the findings, high power RF energy
was delivered from three different positions in the CIPV. Power was limited to 50W with a
maximal tip temperature of 60°C for 30sec with each application. The esophageal catheter
was positioned against the anterior esophageal wall, directly opposite the ablation catheter in
the distal CIPV, guided by the EA map and fluoroscopic views. Following balloon inflation,
CIPV and esophageal catheters were repositioned, if necessary, to minimize the distance
between them. The temperature probe’s position was verified by EA map and fluoroscopy in
three planes (LAO, RAO and AP) and adjusted frequently to compensate for any
movements of the catheter tips. The temperature probe output was time-tagged and
annotated to the procedure log every 3 seconds before, during and after RF catheter ablation.

Catheter ablation near the right PVs can cause collateral damage to the right PN, which runs
along the pericardium.6,7 To separate the pericardium and the PN, we positioned the
intrapericardial balloon adjacent to the anterior aspect of the right superior PV. After
creating LA and PV geometry by EA mapping, location of the right PN was identified
around the anterior aspect of the RSPV by eliciting diaphragmatic stimulation with bipolar
pacing (10mA, 2ms pulse width) from the distal pole of the endocardial catheter. These
locations were marked on the EA map. After each balloon placement and inflation,
endocardial high-output pacing was repeated at these sites to assess for PN capture.

Statistical analysis
All continuous data are expressed as mean ± standard deviation. The Pearson correlation
coefficient was used to quantify the relationship between variables. Changes in esophageal
temperature were analyzed initially by repeated measure of ANOVA, followed by Student’s
t-test to compare temperatures with- and without- IPBP. A two-sided value of < 0.05 was
considered statistically significant.

RESULTS
Approaches for positioning the intrapericardial balloon

Anesthesia was uneventful in all animals, and all procedures were completed as planned. In
all animals, intrapericardial balloons were successfully positioned and inflated in the oblique
sinus, adjacent to the posterior LA. Following subxiphoid puncture and access to the
pericardial space, two approaches were used to position the balloon near the CIPV ostial
region: direct posterior access, and anterior access with deflectable sheath guidance. The
Tuohy needle was directed towards the apex of the heart and advancement of the guidewire
indicated whether posterior or anterior access was achieved. Movement of the guidewire to
the posterior wall allowed a direct posterior approach, in which the balloon catheter was
advanced and positioned behind the posterior LA (Figure 1A). In the event of anterior
advancement of the guidewire, catheter guidance from the anterior wall towards the
posterior LA was facilitated by use of a deflectable sheath (Figure 1B). Balloon placement
within the pericardial space is shown in Figure 1C.

Esophageal Displacement
Figure 2 and Table 1 show typical results of IPBP on LA-esophageal distance. After
pericardial balloon inflation, the average distance between the esophagus and atrial
endocardium increased by 12.3 ± 4.0 mm calculated by EA mapping and confirmed
fluoroscopically (Table 1). In three animals, simultaneous CIPV and esophageal movement
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was documented after balloon inflation (Figure 2A–B). During balloon inflation, mean
arterial blood pressures and heart rates did not significantly change (80.4 ± 4.4 versus 76.4 ±
6.4mmHg, and 78.5 ± 5.0 versus 79.8 ± 7.2bpm, respectively, p=ns). After balloon inflation,
changes in mean arterial pressure (−3.8 ± 6.9 versus −4.3 ± 4.7 mmHg, p=ns) and heart rate
(1.4 ± 3.3 versus 1.0 ± 4.6 bpm, p=ns) were not significantly different between small (12–14
mm) and large (16–18 mm) balloons.

Balloon protection of esophagus during RF energy application
In six animals, an ablation catheter was positioned in the distal CIPV close to the esophageal
catheter, and an intrapericardial balloon was successfully placed (12mm in three, 14mm in
two, and 16mm in one animal) between these catheters (Figure 3A). During ablation and
recovery, esophageal temperature increased by 6.1 ± 2.4°C under control conditions,
significantly more than in the presence of IPBP (1.2 ± 1.1°C, p<0.0001, Figure 3B, top). At
each time point during ablation and recovery, balloon inflation also significantly attenuated
the rise in esophageal temperature (p<0.004). Temperature attenuation during IPBP was not
significantly different (p=0.64) between smaller (12mm) and larger balloon sizes (14–
16mm). Balloon inflation did not affect mean arterial pressures or heart rates during RFCA
application (Figure 3B, bottom).

Displacement of right phrenic nerve
Figure 4 and Table 2 show typical results of IPBP protection of the right PN. At a total of 33
total sites (4.1 sites/animal), endocardial high-output pacing around the RSPV anterior
ostium resulted in PN capture prior to IPBP inflation (Table 2). These sites were tagged as
PN capture sites. In all animals, positioning of the balloon catheter for protection of the PN
was achieved via a superior approach through the transverse sinus, or via an inferior
approach using a deflectable sheath (Figure 4). Slight anatomic differences between animals
dictated which approach (superior or inferior) was appropriate. Balloon inflation prevented
PN capture at 30 of 33 (91%) tagged sites (see online movie). All animals had normal PN
capture at the end of the study, as confirmed by repeat high-output pacing and fluoroscopy
after removal of the intrapericardial balloon, demonstrating that inflation of the
intrapericardial balloon did not cause PN injury.

Complications
There were no cases of hemopericardium, cardiac tamponade, or intrapericardial balloon
rupture. No other acute complications were observed.

DISCUSSION
To our knowledge, this is the first in vivo animal study to systematically examine the
feasibility and efficacy of intrapericardial balloon placement (IPBP) in the setting of LA
ablation. The major findings of this study are: (i) IPBP was technically feasible in this
animal model and did not result in acute complications; (ii) IPBP effectively displaced
vulnerable collateral tissues, and (iii) IPBP prevented significant esophageal heating from
endocardial RF delivery, as well as PN capture from endocardial pacing.

Esophageal Displacement and Protection
Over the past decade, the use of catheter ablation for the treatment of AF has increased.15 In
an effort to improve procedural outcomes, extensive LA lesion sets have been proposed.2,3

Esophageal injury and atrio-esophageal fistula are potentially life-threatening complications
that may arise from RF energy applied to the posterior LA wall.5 One recent study showed
that an esophageal ulcer was observed by endoscopy 1 to 3 days post AF ablation in 36% of
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patients without luminal esophageal temperature monitoring.16 Multiple strategies have been
proposed to detect esophageal heating and to protect the esophagus during ablation. The
esophagus can be filled with radio-opaque contrast media to determine its position
fluoroscopically and limit RF application adjacent to the esophagus.17 Temperature
monitoring within the esophagus has also been used to detect esophageal heating during
ablation12,16 Active protection techniques have also been proposed, including an esophageal
cooling system18 and mechanical displacement of the esophagus away from the LA using an
endoscopic transesophageal probe.19,20

More recently, other strategies aimed at increasing the distance between the heart and
collateral structures have been proposed. Methods using intrapericardial air and saline11 or
an intrapericardial balloon9 to separate the heart from the PN during ablation have been
described. Our group published a case report describing the use of an intrapericardial
balloon to protect the esophagus in a patient undergoing repeat AF ablation;8 the findings
suggested that IPBP may allow safe and effective delivery of RF energy to the targeted
tissues. The present study is the first systematic experimental evaluation of such an
intrapericardial balloon protection (IPBP) technique.

These data demonstrate that the IPBP approach is technically feasible in porcine hearts.
Appropriate balloon alignment was achieved using one of two approaches, and balloon
position within the pericardial space was stable after balloon inflation. In all animals, the
esophagus was displaced from its original position by intrapericardial balloon inflation. In
some cases, both the esophagus and the PV were displaced. Nevertheless, no significant
hemodynamic consequences resulted from impaired LA filling, and no significant
complications were observed. Optimization of size and shape for intrapericardial balloons
warrants further study.

The mechanism of esophageal injury or fistula during RF ablation is not completely
understood. Thermal injury is the most likely cause (with an area of necrosis surrounded by
inflammatory cells), although an ischemic mechanism has also been proposed.5,21,22 Shorter
distance and increased contact force might increase the risk of esophageal injury.23 The
IPBP method has potential advantages for the prevention of esophageal injury during RF
application. In addition to displacement of the esophagus, the presence of the intervening
liquid-filled balloon likely conferred additional shielding of surrounding tissues from RF
energy. For difficult balloon catheter approaches, the deflectable sheath proved valuable for
precise positioning in the pericardial space.

Right Phrenic Nerve Displacement
The PN has an epicardial course (Figure 1C), and PN injury has been reported after
percutaneous catheter ablation procedures for accessory pathways,24 inappropriate sinus
tachycardia,25 and AF.6,7,26 The anterior wall of the RSPV is less than 2mm from the right
phrenic nerve in 32% of subjects based on autopsy data.27 The reported prevalence of PN
injury as a complication of AF ablation is 0.11% to 0.48%.7,28 Methods to prevent left PN
injury during epicardial catheter ablation for ventricular tachycardia have been
proposed.9–11 To our knowledge, there have been no reports describing an effective
displacement technique of the right PN in the setting of LA ablation. Our experimental
observations suggest that two balloon approaches (superior and inferior) with a deflectable
sheath appear to be feasible for displacement and protection of the right PN in this animal
model. In addition, the balloon catheter was easily repositioned from an esophageal
protection site in the oblique sinus, to the anterior aspect of the RSPV for protection of the
right PN, suggesting that IPBP provides a flexible approach for collateral protection during
LA ablation.
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Limitations
The present study was performed in a limited number of porcine hearts, which have
anatomic differences from human hearts. The porcine esophagus is usually positioned
slightly further away from the posterior LA than in humans. However, it can be argued that
the closer proximity between the esophagus and posterior LA in humans suggests that IPBP
may be even more useful in humans than in our animal model. For this technique, epicardial
access is required, which is not performed in all ablation centers and carries its own inherent
risks. Our studies used an impedance-based electroanatomical mapping system. Balloon
inflation may have caused a small change in the thoracic impedance field which could alter
the electroanatomical map. However, no changes in cardiac geometry (PVs, left appendage,
and left atrial wall) were detected, and catheter position was confirmed by fluoroscopic
imaging. Our study did not address the minimum volume or ideal shape of the balloon for
attenuating the rise in temperature in the esophagus. Further studies are warranted to
elucidate the potential significance of IPBP in a clinical setting and to optimize balloon
shapes and sizes.

Conclusions
Our experimental observations suggest that the IPBP concept is feasible and might decrease
the risk of collateral damage that would otherwise occur during RF catheter ablation of the
LA. Deflectable sheath guidance may facilitate the optimal positioning of the
intrapericardial balloon. If the results in this animal study are borne out in humans, the IPBP
method might one day serve as a tool to improve the safety and efficacy and catheter
ablation procedures for LA arrhythmias such as atrial fibrillation.
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Refer to Web version on PubMed Central for supplementary material.
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Abbreviations and Acronyms

AF Atrial Fibrillation

IPBP intrapericardial balloon protection

PV pulmonary vein

CIPV ommon inferior pulmonary vein

RSPV right superior pulmonary vein

PN phrenic nerve
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Figure 1. Intrapericardial balloon position
Anterior-posterior (AP) and left anterior oblique (LAO) views of the intrapericardial balloon
positioned using different approaches: (A) direct puncture to the posterior pericardial space,
(B) anterior access with deflectable sheath guidance. (C) Post-procedural, in vivo
photographs of inflated intrapericardial balloon (yellow arrow). Phrenic nerve along on the
pericardium is indicated by dashed white arrow. ESO = esophageal mapping catheter; PV
map = pulmonary vein mapping catheter.
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Figure 2. Separation of the left atrium and esophagus during IPBP
(A) Modified left lateral view of electroanatomic images and (B) Left anterior oblique
(LAO) fluoroscopic view of the left atrium and contrast-filled esophagus, before and after
balloon inflation in the same animal. In this case, balloon inflation caused simultaneous
movement of the CIPV and esophagus away from each other. Esophagus and PV map
catheter separation increased with balloon inflation. (C) Right anterior oblique (RAO) view
and (D) posterior view of electroanatomic maps in the same porcine heart and esophagus
shown in Figure 1A. During balloon inflation within the oblique sinus, the esophagus was
markedly flattened (D) and shifted away from the posterior left atrium (LA). The minimum
distance between the LA and esophagus increased by 21mm. ESO= esophagus; RSPV=
right superior PV; LSPV= left superior PV; CIPV= common inferior PV; LAA= left atrial
appendage; EPI = epicardial shell. PV map= pulmonary vein mapping catheter located at the
CIPV ostium.
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Figure 3. Luminal esophageal temperature
(A) Fluoroscopic images of the positions of each electrode without IPBP (control, upper
panel) and with balloon inflation (IPBP, middle panel) in the LAO fluoroscopic views. LAO
electroanatomic images (lower panel). ESO= esophageal catheter; ABL= endocardial
ablation catheter. (B) Time courses of luminal esophageal temperature, mean arterial
pressure (MAP) and heart rate (HR) during radiofrequency catheter ablation (RFCA) at the
distal CIPV and during recovery. Temperature increased during control conditions (no IPBP,
white circles), but were unchanged with balloon inflation. Overall temperature increased
significantly in control conditions compared to IPBP groups for all balloon sizes (p<0.0001,
ANOVA). At each time point during RFCA application and over 30 seconds of recovery,
control temperatures were significantly greater than IPBP groups (p<0.004, Student’s T-
test). There were no significant differences in the esophageal temperature between the
smaller balloon (12mm, blue circles) and larger balloons (14–16mm, red circles) (p=0.64,
ANOVA). During RFCA application and recovery phases, MAP and HR did not change
significantly.
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Figure 4. Phrenic nerve protection
(A) LAO and (B) RAO fluoroscopic images of the same porcine heart shown in Figure 1B.
A 16mm by 4cm balloon was inflated near the anterior aspect of the RSPV via the
transverse sinus (superior approach). A mapping catheter (Map) was positioned at the
endocardial RSPV ostium for high-output pacing. Fluoroscopic AP (C) and right lateral
electroanatomic (D) images of a second porcine heart show a 12mm by 4cm balloon inflated
near the anterior aspect of the RSPV via an inferior approach. Red circles indicate sites with
phrenic nerve capture prior to balloon inflation.
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