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(57) ABSTRACT

Certain aspects of the present disclosure provide methods
and apparatus for managing an esophagus of a subject
during a medical procedure, such as cardiac tissue ablation
or bronchial tissue ablation. Managing the esophagus may
include displacing the esophagus, imaging the esophagus,
and/or measuring temperature at one or more locations
inside the esophagus. One example esophageal management
system generally includes a tube configured for insertion
through a mouth and into the esophagus of the subject. The
tube generally includes a first port located at a proximal end
of the tube and in fluid communication with a distal portion
of the tube via a first path, a second port located at the
proximal end of the tube, and a third port located between
the proximal end of the tube and a distal end of the tube and
in fluid communication with the second port via a second
path.
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ESOPHAGEAL MANAGEMENT SYSTEM
FOR USE IN DISPLACING AN ESOPHAGUS
DURING A MEDICAL PROCEDURE

CLAIM OF PRIORITY UNDER 35 US.C. § 119

[0001] The present application claims the benefit of pri-
ority of U.S. Provisional Patent Application Ser. No. 62/620,
001, filed Jan. 22, 2018 and entitled “System and Method for
Comprehensive Esophageal Management System that Helps
to Manage the Esophagus During Ablation of the Cardiac
Chambers and Bronchial Tissue and Effective Monitoring of
the Esophageal Temperature using Thermal Measurement
Tools, Soft Silicone Outer Tubing and Nitinol Deflectable
Deviator,” which is hereby incorporated by reference in its
entirety.

FIELD OF THE DISCLOSURE

[0002] The present disclosure generally relates to medical
devices and procedures, and more particularly, to methods
and apparatus for managing the esophagus of a subject
during a medical procedure.

BACKGROUND

[0003] Ablation of cardiac tissue has evolved to be an
important therapeutic tool in the management of cardiac
arrhythmias, such as atrial fibrillation (AF). Similarly, bron-
chial tissue ablation has been increasingly used for asthma
and other reactive airway disorders. While these ablation
therapies have proven to be efficacious, there are serious
adverse effects from these therapies due to collateral damage
of the surrounding tissues. Injury to the esophagus is a very
significant problem in both of these ablation methods due to
the relative proximity of the line of ablation to the esopha-
gus.

[0004] As illustrated in the example human anatomy of
FIG. 1, the left atrium of the heart runs just in front of the
esophagus and the trachea, and the bronchi also are in front
of the esophagus (i.e., the esophagus is posterior to the
bronchi, which is posterior to the left atrium). This proximity
makes the esophagus very vulnerable to thermal injury
during cardiac or bronchial tissue ablation procedures. One
of the most feared complications from thermal injury to the
esophagus 1s atrio-esophageal fistula (AEF) formation.
Although the overall incidence of AEF formation is low,
AEF is associated with very high morbidity and mortality.
Therefore, routine use of such ablation procedures has been
limited due to their complexity, resource constraints, and/or
concerns about esophageal injury.

[0005] Arise in the luminal esophageal temperature (LET)
during an ablation procedure has been identified as a sur-
rogate marker for thermal injury to the esophagus. A rise in
LET, especially in the anterior wall of the esophagus, may
preclude the operator from delivering the desired radio
frequency (RF) energy during the ablation procedure. Typi-
cally, RF ablation is more tempered on the posterior wall of
the left atrium (or bronchi) with significantly lower power,
shorter lesion duration, and lower mechanical contact force
in an effort to minimize the collateral damage to the esopha-
gus and vagal nerve plexus that are in close proximity to the
left atrium (or bronchi). If the esophagus lies exactly pos-
terior to the target site around the pulmonary veins, frequent
temperature rises limit the ability to deliver adequate lesion,
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increase the procedure time, and potentially result in higher
pulmonary vein reconnection rates (hence the recurrence
rate of AF).

[0006] Furthermore, conventional temperature probes for
monitoring LET have several problems. For example, con-
ventional temperature probes are typically implemented
with thermistors with leads formed by metallic wires for
carrying electric current. The thermistor and leads are typi-
cally surrounded by an electrically insulative tube or coat-
ing, and the distal portion of the probe may include a balloon
used to hold the thermistor in place. For measuring LET,
inflation of the balloon may separate the thermistor from the
tissue, creating an air gap. Other temperature probes without
balloons may also have an air gap between the thermistor
and the esophageal tissue.

[0007] This may be due, for example, to the stiffness of the
leads, which may move the thermistor out of contact with
the tissue. Regardless of the cause for the creation of an air
gap, the thermistor may be measuring the temperature of the
air within the esophageal lumen or probe balloon, rather than
the desired temperature of the tissue, leading to inaccurate
measurement. In other words, there may be significant
temperature difference depending on whether the thermistor
is in contact with the tissue. Moreover, even when this
temperature difference is accounted for (e.g., via calibra-
tion), this air gap creates a lag between temperature rise of
the tissue due to ablation and the temperature rise sensed by
the thermistor. Thus, tissue damage may occur before the
increase in temperature is sensed. Furthermore, the metal of
the thermistor may be itself heated by the ablation proce-
dure, and this “heat sink effect” may cause thermal injury to
the nearby tissue.

[0008] Improved apparatus and techniques for performing
such ablation procedures and LET are desired to avoid tissue
damage, while still providing effective treatment.

SUMMARY

[0009] Certain aspects of the present disclosure generally
relate to apparatus and methods for managing an esophagus
of a subject during a medical procedure, such as tissue
ablation (e.g., cardiac or bronchial ablation).

[0010] Certain aspects of the present disclosure provide a
system for managing an esophagus of a subject during a
medical procedure. The system generally includes a tube
configured for insertion through a mouth and into the
esophagus of the subject. The tube generally includes a first
port located at a proximal end of the tube and in fluid
communication with a distal portion of the tube via a first
path, a second port located at the proximal end of the tube,
and a third port located between the proximal end of the tube
and a distal end of the tube and in fluid communication with
the second port via a second path.

[0011] Certain aspects of the present disclosure provide a
deflector probe for deploying into an esophagus of a subject
and capable of displacing the esophagus. The deflector probe
generally includes a stylet and a handle coupled to the stylet
and disposed at a proximal end of the deflector probe,
wherein the handle is configured to control a degree and a
direction of deflecting the stylet.

[0012] Certain aspects of the present disclosure provide a
deflector probe for deploying into an esophagus of a subject
and capable of displacing the esophagus. The deflector probe
generally includes means for pushing against an inner wall
of the esophagus to displace the esophagus, means for
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rotating the means for pushing, and means for controlling a
degree of curvature in the means for pushing.

[0013] Certain aspects of the present disclosure provide a
temperature probe for deploying into an esophagus of a
subject and measuring temperature at one or more locations
inside the esophagus. The temperature probe generally
includes an optical fiber comprising at least one fiber optic
temperature sensor and a radiopacifier disposed at a distal
portion of the optical fiber.

[0014] Certain aspects of the present disclosure provide a
method for monitoring esophageal temperature during a
medical procedure. The method generally includes receiv-
ing, from at least one optical fiber deployed into an esopha-
gus of a subject, a temperature at each of one or more
locations inside the esophagus; determining if the tempera-
ture exceeds a threshold; and outputting a control signal to
perform an action based on the determination that the
temperature exceeds the threshold.

[0015] Certain aspects of the present disclosure provide a
non-transitory computer-readable medium having instruc-
tions stored thereon that, when executed by at least one
processor, cause the processor to perform operations for
monitoring esophageal temperature during a medical proce-
dure. The operations generally include receiving, from at
least one optical fiber deployed into the esophagus of a
subject, a temperature at each of one or more locations
inside the esophagus; determining if the temperature
exceeds a threshold; and outputting a control signal to
perform an action based on the determination that the
temperature exceeds the threshold.

[0016] Certain aspects of the present disclosure provide a
method for automatically managing an esophagus of a
subject during an ablation procedure. The method generally
includes determining a position associated with an ablation
catheter used in the ablation procedure; determining a posi-
tion associated with an esophageal management system
inserted into the esophagus and comprising a deflector
probe; calculating a distance between the position associated
with the ablation catheter and the position associated with
the esophageal management system; and based on the dis-
tance, controlling adjustment of the deflector probe to adjust
a position of the esophagus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] So that the manner in which the above-recited
features of the present disclosure can be understood in detail,
a more particular description, briefly summarized above,
may be had by reference to aspects, some of which are
illustrated in the appended drawings. It is to be noted,
however, that the appended drawings illustrate only certain
typical aspects of this disclosure and are therefore not to be
considered limiting of its scope, for the description may
admit to other equally effective aspects.

[0018] FIG. 1 conceptually illustrates example human
anatomy, depicting the relative positions between the heart,
the esophagus, the trachea, and the bronchi.

[0019] FIG. 2 is a block diagram of an example system for
performing an ablation procedure on a subject, including an
esophageal management system, in accordance with certain
aspects of the present disclosure.

[0020] FIG. 3A is an external view of an example orogas-
tric (OG) tube for use in managing an esophagus during a
medical procedure, in accordance with certain aspects of the
present disclosure.
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[0021] FIG. 3B is a cross-sectional view of the OG tube
illustrated in FIG. 3A, in accordance with certain aspects of
the present disclosure.

[0022] FIG. 4A illustrates an example deflector probe for
displacing the esophagus, configured in a neutral position, in
accordance with certain aspects of the present disclosure.
[0023] FIG. 4B illustrates the deflector probe of FIG. 4A,
configured to deviate the esophagus in a first direction, in
accordance with certain aspects of the present disclosure.
[0024] FIG. 4C illustrates the deflector probe of FIG. 4A,
configured to deviate the esophagus in a second direction,
opposite the first direction of FIG. 4B, in accordance with
certain aspects of the present disclosure.

[0025] FIG. 5illustrates an example temperature probe for
measuring temperature within the esophagus, in accordance
with certain aspects of the present disclosure.

[0026] FIG. 6 is a cross-sectional view conceptually illus-
trating the esophageal management system in use, in accor-
dance with certain aspects of the present disclosure.
[0027] FIG. 7 is a flow diagram of example operations for
using the esophageal management system, in accordance
with certain aspects of the present disclosure.

[0028] FIG. 8 is a flow diagram of example operations for
monitoring esophageal temperature during a medical proce-
dure, in accordance with certain aspects of the present
disclosure.

DETAILED DESCRIPTION

[0029] Certain aspects of the present disclosure provide
methods and apparatus for managing an esophagus of a
subject during a medical procedure, such as cardiac tissue
ablation or bronchial tissue ablation using a catheter. Man-
aging the esophagus may include displacing the esophagus,
imaging the esophagus, and/or measuring temperature at one
or more locations inside the esophagus.

[0030] Various aspects of the disclosure are described
more fully hereinafter with reference to the accompanying
drawings. This disclosure may, however, be embodied in
many different forms and should not be construed as limited
to any specific structure or function presented throughout
this disclosure. Rather, these aspects are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the disclosure to those skilled in the art.
Based on the teachings herein, one skilled in the art should
appreciate that the scope of the disclosure is intended to
cover any aspect of the disclosure disclosed herein, whether
implemented independently of or combined with any other
aspect of the disclosure. For example, an apparatus may be
implemented or a method may be practiced using any
number of the aspects set forth herein. In addition, the scope
of the disclosure is intended to cover such an apparatus or
method which is practiced using other structure, function-
ality, or structure and functionality in addition to or other
than the various aspects of the disclosure set forth herein. It
should be understood that any aspect of the disclosure
disclosed herein may be embodied by one or more elements
of a claim.

[0031] As used herein, the term “determining” encom-
passes a wide variety of actions. For example, “determining”
may include calculating, computing, processing, deriving,
investigating, looking up (e.g., looking up in a table, a
database, or another data structure), ascertaining, and the
like. Also, “determining” may include receiving (e.g.,
receiving information), accessing (e.g., accessing data in a
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memory), and the like. Also, “determining” may include
resolving, selecting, choosing, establishing, and the like.

[0032] As used herein, the term “subject” may refer to a
human or another animal, such as a pig or a dog.

EXAMPLE MEDICAL SYSTEM

[0033] As described above, thermal injury to the esopha-
gus is a very significant problem during cardiac and bron-
chial tissue ablations due to the relative proximity of the line
of ablation to the esophagus. If esophageal injury cannot be
prevented with the esophagus in its normal position or an
effective ablation treatment cannot be delivered in trying to
avoid esophageal injury, then another strategy is to move the
esophagus away from the site of ablation. Mechanical
deflection of the esophagus away from the ablation site may
enable more effective RF lesion delivery, while avoiding
esophageal thermal injury.

[0034] FIG. 2 is a block diagram of an example system
200 for performing an ablation procedure on a subject, in
accordance with certain aspects of the present disclosure.
The ablation procedure may be performed to treat a heart
arrhythmia, such as atrial fibrillation (AF). In the case of
arrhythmia treatment, the ablation procedure may involve an
epicardial and/or an endocardial ablation, such as a pulmo-
nary vein isolation (PV1) or other ablation of the left atrium.
For other aspects, the ablation procedure may be performed
to treat a condition of the pulmonary system, such as asthma.
In this case, the ablation procedure may entail a bronchial
tissue ablation.

[0035] For such ablation procedures, it may be desirable to
displace the esophagus 203 of a patient away from the heart
205 or bronchi of a subject 202 and/or monitor the tempera-
ture of one or more locations within the esophagus during
the procedure, in an effort to avoid damage to the esophagus.
Therefore, the system 200 may include an esophageal man-
agement system 208 with these capabilities. The system 200
may also include a subject imaging system 206, an optical
system 216, an ablation system 218, a processor 224, a
display 220, memory 222, and one or more input/output
(I/O) units 226.

[0036] The esophageal management system 208 may
include a tube 210. The tube may be an orogastric (OG) tube
for inserting into the mouth of the subject 202 while the
subject is sedated and intubated on an operating table 204.
An example tube is illustrated and described in greater detail
below with respect to FIGS. 3A and 3B. Returning to FIG.
2, the esophageal management system 208 may also include
a deflector probe 212 and/or a temperature probe 214. The
deflector probe 212 may be inserted (e.g., manually or
automatically) into a proximal port of the tube 210 and used
to displace the esophagus away from the line of ablation.
The deflector probe 212 may be designed such that the
direction and degree of esophageal displacement may be
manually controlled by the operator or automatically con-
trolled by the system (e.g., with a motor to drive the deflector
probe). An example deflector probe is illustrated and
described in greater detail below with respect to FIGS.
4A-4C. The temperature probe 214 may be inserted into a
different proximal port of the same tube 210 and may exit an
intermediate port between the proximal end and the distal
end of the tube, into the esophagus 203. In this manner,
when the esophagus 203 is displaced, the temperature probe
214 may match (e.g., lie adjacent to) the trailing edge of the
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esophagus. An example temperature probe is illustrated and
described in greater detail below with respect to FIG. 5.
[0037] Returning to FIG. 2, the subject imaging system
206 may include any of various imaging systems suitable for
imaging the internal organs of the subject 202. For example,
the subject imaging system 206 may include an X-ray
imaging system for performing fluoroscopy. For certain
aspects, a contrast medium may be introduced into the
esophagus via the tube 210. In such cases, the contrast
medium may be selected to be compatible with the subject
imaging system 206, or vice versa. In this manner, the
subject imaging system 206 may be capable of generating an
esophagogram of the subject 204, where an esophagogram
is a contrast radiograph of the esophagus. For certain
aspects, the subject imaging system 206 may include its own
display(s). For other aspects, the subject imaging system 206
may output video signals for display on the display 220, as
illustrated in FIG. 2. In some cases, the subject imaging
system 206 may be able to determine the location of an
ablation catheter, determine the location of the (trailing edge
of the) esophagus, and calculate the distance therebetween.
At least some of this data may be sent to the processor 224
and/or sent to the display 220 or a display of the subject
imaging system 206.

[0038] For certain aspects, the temperature probe 214 may
be implemented with one or more optical waveguides, such
as optical fibers. The optical waveguide may be coupled to
one or more sensors for measuring temperature, or the
optical waveguide itself may function as an optical sensor.
The one or more sensors may include an extrinsic optical
sensor (using the optical waveguide to transmit optical
signals from a non-optical sensor, such as an electronic
sensor coupled to an optical transmitter) and/or an intrinsic
optical sensor. An intrinsic optical sensor may use any of
various suitable optical techniques for temperature measure-
ment, such as scattering of optical signals (e.g., Raman,
Rayleigh, or Brillovin scattering, such as distributed tem-
perature sensing (DTS), based on backscattering of optical
signals) or reflection of optical signals (e.g., based on point
or continuous fiber Bragg gratings (FBGs)). Each of the
optical fibers may comprise a core surrounded by a cladding,
where the cladding has a different refractive index than the
core to provide for total internal reflection within the optical
fiber.

[0039] The temperature probe 214 may be coupled to the
optical system 216. The optical system 216 may include an
optical circulator, a light source for introducing light into the
temperature probe 214 via the circulator, and a photodetec-
tor for receiving reflected light from the temperature probe
via the circulator and converting this reflected light into
electrical signals. For certain aspects, the optical system 216
may also include one or more optical splitters for splitting an
optical signal for routing in different optical paths. The
electrical signals from the optical system 216 may be sent to
the processor 224 for processing. In some cases, the optical
system 216 may perform signal processing on the electrical
signals (e.g., filtering, amplifying, and/or analog-to-digital
converting) before transmitting the electrical signals to the
processor 224, whereas in other cases, the processor 224
may perform at least some of this signal processing.

[0040] The ablation system 218 may comprise any of
various suitable configurations using any suitable type of
energy source 219 for ablation including, but not limited to,
radio frequency (RF), laser, cryo, microwave, low intensity
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focused ultrasound, high intensity focused ultrasound, and
hot water catheter or balloon-based systems.

[0041] The processor 224 may interface with the subject
imaging system 206, the optical system 216, the ablation
system 218, the display 220, the memory 222, and/or the T/O
unit(s) 226. For example, the processor 224 may read
instructions and/or data from the memory 222 and may write
data to the memory. The processor 224 may control the
ablation system 218 and may be able to shut down the
ablation system in certain aspects, such as where a tempera-
ture measured inside the esophagus 203 by the temperature
probe 214 exceeds a threshold while performing ablation on
the heart 205 or bronchi. In this manner, damage to the
esophagus 203 may be avoided. For certain aspects, the
processor 224 may be able to control manipulation of the
deflector probe 212, such as via one or more motors manipu-
lating a handle mechanism of the deflector probe. For
example, in cases where the processor 224 or the subject
imaging system 206 determines a distance between the
ablation site and the esophagus, the processor 224 can use
this distance to automatically manipulate the deflector probe
in an effort to adjust this distance.

[0042] The processor 224 may receive commands and/or
input data from the /O unit(s) 226. The processor may also
send control signals and/or output data to the /O unit(s) 226.
For example, the I/O unit(s) 226 may include a speaker. In
this case, if a temperature measured inside the esophagus
203 by the temperature probe 214 (and processed by the
optical system 216 and the processor 224) exceeds a thresh-
old while performing ablation on the heart 205 or bronchi,
the processor 224 may output a control signal for the speaker
to generate an audible alarm. By hearing the audible alarm,
the operator performing the medical procedure can halt the
ablation procedure and, in some cases, make any desired
adjustments (e.g., reposition the esophagus 203 or move the
ablation catheter to a different area) before resuming the
procedure.

EXAMPLE ESOPHAGEAL MANAGEMENT
SYSTEM AND COMPONENTS

[0043] As described above, the esophageal management
system may include a tube, a deflector probe that may be
inserted into a proximal port of the tube, and a temperature
probe that may be inserted into another proximal port of the
tube. FIG. 3A is an external view of an example orogastric
(OG) tube 300 for use in managing an esophagus during a
medical procedure, in accordance with certain aspects of the
present disclosure. FIG. 3B is a cross-sectional view of the
same OG tube 300, in accordance with certain aspects of the
present disclosure.

[0044] The tube 300 may comprise any of various suitable
materials capable of insertion into the esophagus via the
mouth and capable of bending as the deflector probe is used
to displace the esophagus. The ideal material for the tube
300 will also not cause trauma to the subject. The compo-
sition of the tube 300 may also be suitable for receiving and
routing a contrast medium into the esophagus. For example,
the tube 300 may be composed of silicone or polyvinyl. For
certain aspects, the outer surface of the tube 300 may be
coated, for example, with a lubricant to aid insertion into the
esophagus (e.g., down to the lower end of the esophagus
below the heart). For certain aspects, one or more inner
surfaces of the tube 300 may be coated (e.g., with a
lubricant) to enable easy insertion of the deflector probe
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and/or the temperature probe. For example, the tube 300
may be manufactured and sold with prelubricated inner
surfaces.

[0045] The tube 300 may be graded as shown, wherein the
outer diameter of the tube increases from a distal end to the
proximal end. As a non-limiting example, the tip may have
an outer diameter in a range of 6 to 10 Fr (e.g., 8 Fr),
whereas the proximal end may have an outer diameter in a
range of 12 to 16 Fr (e.g., 14 Fr).

[0046] The tube 300 may have two lumens 303, 305
providing two paths within the tube. For certain aspects, the
first lumen 303 (e.g., a first path) may be isolated from the
second lumen 305. The first lumen 303 (e.g., a second path)
may be accessed via a first port 304, whereas the second
lumen 305 may be accessed via a second port 306. The first
lumen 303 and the first port 304 are configured for insertion
of the deflector probe into the tube 300. For certain aspects,
a contrast medium may be introduced into the tube 300 via
the first port 304. The second lumen 305 and the second port
306 are configured for insertion of the temperature probe
into the tube 300. For certain aspects, a contrast medium
may be introduced into the tube 300 via the second port 306,
in addition or as an alternative to the first port 304. The
contrast medium allows an operator to visualize the course
and extent of the esophagus.

[0047] The tube 300 may also have a third port 310, which
is an intermediate port located between the proximal and
distal ends of the tube and may act as an exit port for the
second lumen 305. Thus, when a temperature probe and/or
a contrast medium is introduced into the second lumen 305
via the second port 306, the temperature probe and/or the
contrast medium may exit the second lumen 305 via the third
port 310. For example, the third port 310 may be located
approximately 20 cm from the distal tip of the tube 300,
which may allow for proper exposure and assessment of the
esophagus behind the left atrium by the temperature probe.
[0048] For certain aspects, the tube 300 may include a
fourth port 308 at a distal portion of the tube. For example,
the fourth port 308 may be located at the distal end (e.g., the
tip) of the tube 300, as shown in FIG. 3B. The fourth port
308 may be in fluid communication with the first port 304
via the first lumen 303. In this manner, contrast medium,
lubrication, or another fluid injected into the first lumen 303
may exit the tube 300 via the fourth port 308.

[0049] For certain aspects, the tube 300 may include a
radiopacifier 302 at a distal portion of the tube (e.g., at the
tip, as depicted in FIGS. 3. The radiopacifier 302 is
radiopaque, inhibiting penetration by radio frequency and
X-ray signals. Therefore, the radiopacifier 302 will be
clearly visible in X-ray images (e.g., fluoroscopy), providing
for easy insertion of the distal end of the tube 300 to the
desired location within the esophagus (e.g., below the heart).
[0050] The diameter of the fourth port 308 (and/or the
channel 309 through the radiopacifier 302) may be designed
to be smaller than a distal end of the deflector probe, such
that the deflector probe will not be able to penetrate the end
of the tube 300. In this manner, the distal portion of the
deflector probe inserted into the tube 300 will remain
confined within the tube and unexposed, thereby providing
protection to the esophagus.

[0051] The single tube 300 with two lumens 303, 305 is an
improvement over other designs, where two or more sepa-
rate tubes may be used (e.g., one tube for a deflector probe
and another tube for a temperature probe). A single tube is
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easier and faster for an operator to deploy than two separate
tubes. Furthermore, a single tube reduces discomfort to the
subject and decreases the risk of complications arising from
tube insertion.

[0052] FIG. 4A illustrates an example deflector probe 400
for displacing the esophagus, in accordance with certain
aspects of the present disclosure. The deflector probe 400
may be used, for example, as the deflector probe 212 in the
esophageal management system 208 of FIG. 2. The deflector
probe 400 may include a handle 406, a shaft 404, and a stylet
401. The deflector probe 400 is depicted in FIG. 4 in the
neutral position, where the stylet 401 has no deviation (e.g.,
no curve). The neutral position of the deflector probe 400
may be used for insertion of the deflector probe into the tube
300.

[0053] Disposed at a proximal end of the deflector probe
400, the handle 406 may comprise a rotatable knob and/or
a push-pull mechanism, for example. For certain aspects
implemented with a knob, the knob may have a textured
surface or grooves to provide grip and tactile sensation for
the operator during esophageal deflection using the deflector
probe 400. For other aspects, the deflector probe 400 may be
designed to be mechanically manipulated by a motor and/or
a robot, for example, rather than by a human operator. The
handle 406 may be coupled to the shaft 404, which may be
hollow. In the case of a knob, the knob may be configured
to rotate with respect to the shaft 404. The handle 406 and/or
the shaft 404 may be composed of plastic or any other
suitable material.

[0054] The stylet 401 may be coupled to (e.g., mechani-
cally jointed with) the handle 406, and at least a portion of
the stylet may traverse the shaft 404. The stylet 401 may be
implemented as one or more wires, which may comprise
nitinol or any other suitable material. For certain aspects, the
stylet 401 may comprise a polyvinyl tubing with the wire(s)
disposed therein. In this case, the tubing of the stylet 401
may be coupled to the shaft 404, whereas the wire(s) may
traverse the shaft for coupling to the handle 406. Since the
shaft 404 may be straight, the wire(s) of the stylet 401 may
be prevented from curving within the shaft.

[0055] The one or more wires within the stylet 401 may be
controlled by rotational elements to rotate the wire(s), push-
pull elements to adjust the curvature of the wire(s), or a
combination thereof. For certain aspects, the natural body-
temperature-driven influence on the stiffness of the material
in the wire(s) (e.g., nitinol) may be employed to enhance the
deviation capability of the deflector probe 400. From the
neutral position, translation of the handle 406 (e.g., pushing
or pulling axially with respect to the longitudinal axis of the
shaft 404) may be used to create a curve in the stylet 401 and
control the degree of curvature. Rotation of the handle 406
in a clockwise direction causes the stylet 401 to deflect in a
first direction, as illustrated in FIG. 4B. Rotation of the
handle 406 in a counterclockwise direction causes the stylet
401 to deflect in a second direction opposite from the first
direction, as portrayed in FIG. 4C. In this manner, the stylet
401 can be used to push one edge of the esophagus (i.e., the
leading edge) away from the designated ablation site, such
that there is sufficient distance between the other edge of the
esophagus (i.e., the trailing edge) and the ablation site to
minimize, or at least reduce, thermal injury to the esophagus.
The rotation of the deflector probe enables the operator to
move the esophagus to the left or right, away from the site
of ablation.
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[0056] For certain aspects, the deflector probe 400 may
also include one or more radiopaque markers 403, 405. For
certain aspects, the radiopaque markers 403, 405 may be
disposed along a length of the stylet 401, such as near
opposite ends of the stylet, as illustrated in FIGS. 4A-4C.
The distance between the radiopaque markers 403, 405 may
be selected such that the distal radiopaque marker 403 is
disposed below the heart at a lower end of the esophagus and
the proximal radiopaque marker 405 is disposed above the
heart at an upper end of the esophagus when the deflector
probe 400 is inserted into a tube 300 deployed in the
esophagus.

[0057] For certain aspects, the tip 402 of the deflector
probe 400 may be ball-shaped (i.e., spherical) as illustrated
in FIG. 4A. For other aspects, the tip 402 may assume any
other suitable shape that is smooth and curved to prevent
damage to the tube 300 during insertion of the deflector
probe 400 into the tube and/or extraction from the tube.
Other suitable shapes may include, but are not limited to,
oval, barrel, or teardrop shapes.

[0058] FIG. 5 illustrates an example temperature probe
500 for measuring temperature at one or more locations
within the esophagus, in accordance with certain aspects of
the present disclosure. The temperature probe 500 may be
used, for example, as the temperature probe 214 in the
esophageal management system 208 of FIG. 2. The tem-
perature probe 500 may be implemented with one or more
optical waveguides, such as optical fibers. Each of the
optical fibers may comprise a core 502 surrounded by a
cladding 504, where the cladding has a different refractive
index than the core 502 to provide for total internal reflection
within the optical fiber.

[0059] In the example of FIG. 5, the temperature probe
500 includes a single optical fiber with multiple fiber Bragg
gratings (FBGs) 506. For certain aspects, the FBGs 506 may
be written into the core 502 of the optical fiber, while in
other aspects, optical waveguides comprising the FBGs 506
may be spliced together. Each of the FBGs 506 may have a
different characteristic wavelength (A,), the center of the
narrow wavelength band at which the particular FBG
reflects wavelengths in the optical spectrum. The character-
istic wavelength of an FBG 506 is sensitive to temperature,
and therefore, changes in a nominal characteristic wave-
length reflected by a particular FBG may be used to measure
temperature shifts. By using FBGs 506 with different char-
acteristic wavelengths, wavelength division multiplexing
(WDM) may be utilized (e.g., by the optical system 216) to
distinguish between light reflections from the different
FBGs, and hence, temperature measured at different areas
along the optical fiber.

[0060] In the example of FIG. 5, the temperature probe
includes five FBGs 506 having characteristic wavelengths
Ay Ay, R, by, and A, spaced along a length of the optical
fiber (e.g., a distal portion of the fiber). For example, the
length (1) along the optical fiber between an adjacent pair of
FBGs 506 may be in a range from 0.5 to 1.5 cm, such as
1=1.0 cm. Although five FBGs 506 are shown, the number of
FBGs in the temperature probe 500 may be any suitable
number, such as between 1 and 10, or more typically
between 4 and 8. The number of FBGs 506 and the length
between any adjacent pair of FBGs 506 may be selected to
provide adequate temperature-measurement coverage of the
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relevant length of the esophagus (e.g., the entire length of
the esophagus behind the left atrium of the heart) with the
desired spatial resolution.

[0061] For other aspects, the temperature probe may
include multiple optical fibers, each comprising one or more
FBGs. In this case, the multiple optical fibers may be
bundled in the temperature probe, such that the multiple
fibers may be inserted together, rather than individually
inserted. This allows for easier and faster placement within
the tube of the esophageal management system. Other
aspects of the example temperature probe 500 of FIG. 5 may
be included and/or function similarly in such a temperature
probe with multiple optical fibers.

[0062] For certain aspects, the temperature probe 500 may
include a radiopacifier 508, as illustrated in FIG. 5. The
radiopacifier 508 may be disposed at a distal portion of the
temperature probe 500, such as at the distal end of the optical
fiber. The radiopacifier 508 is radiopaque, thereby allowing
the temperature probe 500 to be clearly visible during
fluoroscopy and, thus, easily positioned (and repositioned) at
the desired location within the esophagus.

[0063] The use of optical waveguides provides several
advantages over the metal thermistors of conventional tem-
perature probes. First, the FBGs have a truly linear corre-
lation between wavelength and temperature, unlike therm-
istors. In addition, the FBGs are typically made of glass
(e.g., silica) or plastic, rather than metal. Consequently, the
heat sink effect of the metal thermistors during ablation and
the tissue damage caused therefrom is altogether avoided by
FBGs, and the FBGs create no metal artifacts during
dynamic MRI or CT imaging. As another advantage, the
FBGs do not exhibit temperature overestimation due to
direct light absorption during laser procedures, the sonifi-
cation effect during low intensity continuous ultrasound
(LICU) or high intensity focused ultrasound (HIFU), or due
to high heat conductivity of metallic wires during cryo
ablation. Furthermore, the non-metallic FBGs do not exhibit
temperature underestimation for microwave, RF, or hot
water ablation, in contrast with thermistors.

[0064] For certain aspects, one or more of the FBGs may
be a linearly chirped fiber Bragg grating (LCFBG). With an
LCFBG, the temperature probe can achieve a spatial reso-
lution of 75 um on a 1.5 cm length of fiber, providing a far
more accurate temperature measurement than can be accom-
plished with conventional thermistor temperature probes.
For example, a multipoint LCFBG probe with 5 mm gratings
at 10 mm intervals may be used to cover a desired esopha-
geal length to accurately assess esophageal temperature and
degree of tissue contact.

[0065] For other aspects, the temperature probe may be
implemented with at least one optical fiber, where the optical
fiber is itself the optical temperature sensor. Such tempera-
ture probes may be based on distributed temperature sensing
(DTS), utilizing backscattered reflections of optical signals
introduced into the optical fiber, the backscattered reflec-
tions being along a length of the core of the optical fiber.
[0066] FIG. 6 is a cross-sectional view conceptually illus-
trating an esophageal management system 600 in use, in
accordance with certain aspects of the present disclosure.
The esophageal management system 600 may be used, for
example, as the esophageal management system 208 of FIG.
2. The esophageal management system 600 may include a
tube 300, a deflector probe 400 inserted into the first lumen
303 of the tube 300 via the first port 304, and a temperature
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probe 500 inserted into the second lumen 305 of the tube 300
via the second port 306. The temperature probe 500 may also
exit the second lumen 305 via a third port 310.

[0067] As described above, manipulating (e.g., turning
and/or translating) the handle 406 of the deflector probe 400
causes the stylet 401 to curve in a desired direction. As the
stylet 401 curves, the stylet pushes the tube 300 against the
inner wall of the esophagus and causes displacement of the
esophagus in a particular direction. The outer wall of the
esophagus at the forefront of this deviation is referred to as
the leading edge 602 of the esophagus, whereas the outer
wall of the esophagus at the back end of this deviation is
referred to as the trailing edge 604 of the esophagus. The
objective of the esophageal displacement is to move the
trailing edge 604 of the esophagus a suitable distance away
from the ablation site. Therefore, the handle 406 may be
manipulated until a desired degree and direction of esopha-
geal displacement is achieved (e.g., the trailing edge 604 is
far enough away from the planned line of ablation).
[0068] Since the temperature probe 500 exits the second
lumen 305 via the third port 310, the temperature probe 500
may match the trailing edge 604 of the esophagus. In other
words, the temperature probe 500 may be inserted into the
esophagus and initially positioned, but may be forced
against the inner wall of the esophagus as the trailing edge
604 is pulled by the pushing of the stylet 401 on the opposite
inner wall. In this manner, the temperature probe 500 may lie
adjacent to the inner wall of the esophagus closest to the
trailing edge 604 during esophageal displacement. There-
fore, the temperature probe 500 may be in the most suitable
position for accurate temperature measurement at one or
more locations along the trailing edge 604 of the esophagus.
Although the temperature probe 500 and the trailing edge
604 are depicted as being straight in FIG. 6 to conceptually
illustrate the curving of the stylet 401 away from the
temperature probe and to exaggerate the slight stretching of
the esophagus during displacement, the reader will under-
stand that the displaced esophagus will likely have a curved
trailing edge 604 and that the temperature probe 500 will
match the trailing edge.

EXAMPLE OPERATIONS FOR USING AN
ESOPHAGEAL MANAGEMENT SYSTEM

[0069] FIG. 71sa flow diagram of example operations 700
for using an esophageal management system (e.g., an
esophageal management system 208 or 600), in accordance
with certain aspects of the present disclosure. At least some
of the operations 700 may be performed by a medical
system, such as the system 200 of FIG. 2, while other
operations 700 may be performed by at least one operator
(e.g., a physician, a veterinarian, and/or other medical staff).
[0070] The operations 700 may begin, at block 702, after
the subject (e.g., subject 202) is sedated and intubated. At
block 702, the operator may insert a tube (e.g., tube 210 or
300) through the mouth and into the esophagus of the
subject, for example, to traverse the gastroesophageal (GE
junction). At block 704, the system performs imaging (e.g.,
fluoroscopy) of the esophagus. For example, an esophago-
gram may be performed using 20 to 30 cc of a contrast
medium to visualize the position of the esophagus in relation
to the posterior wall of the left atrium. This may also help the
operator to understand the breadth of the esophagus and
determine if there are any esophageal anomalies before
inserting a deflector probe. For certain aspects, the contrast
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medium may be introduced into a proximal port (e.g., the
first port 304) of the tube and may exit via a distal port (e.g.,
the fourth port 308) in the tube (e.g.. at the tip of the tube)
or via an intermediate port (between the proximal end and
the distal end) (e.g., the third port 310).

[0071] At block 706, the operator inserts a temperature
probe (e.g., temperature probe 214 or 500) into a proximal
port (e.g., the second port 306) of the tube. Using the
temperature probe, the system measures the temperature at
one or more locations inside the esophagus. For example,
the temperature probe may be inserted to line up with the
tube in the esophagus to measure the esophageal tempera-
ture during ablation of the posterior wall of the left atrium.
The specially designed orogastric (OG) tube allows for the
placement of the temperature probe therethrough and helps
align the temperature probe with the trailing edge of the
esophagus, instead of being pulled away, as may occur with
conventional designs. Aligning the temperature probe with
the trailing edge utilizing the specially designed tube sig-
nificantly improves the sensitivity of temperature measure-
ment from the line of ablation. The specially designed tube
also removes the need for separate esophageal manipulation
(conventionally, the temperature probe and the OG tube are
inserted separately into the esophagus). For certain aspects,
the system may display the temperature measured by a
selected set of the one or more locations. The system may
use a color-coded scale for the set of temperature(s) dis-
played on a monitor (e.g., display 220).

[0072] At block 707, the operator (or the system, in some
cases) determines whether to move the esophagus. For
example, the operator (or the system) may determine based
on the esophagogram if the esophagus is currently posi-
tioned in the line of ablation or within a certain distance of
the ablation. If not, the operations 700 may proceed to block
716 as described below. If the operator (or the system)
decides to move the esophagus at block 707, then at block
708, the operator (or the system, in some cases) inserts a
deflector probe (e.g., deflector probe 212 or 400) into a
proximal port (e.g., the first port 304) of the tube, different
from the proximal port used for the temperature probe. For
certain aspects, the deflector probe may include two
radiopaque markers (e.g., markers 403 and 405, also referred
to as radiopacifiers), such that the deflector probe may be
inserted until the radiopaque markers are located at upper
and lower ends of the esophagus (e.g., above the top of the
heart and below the bottom of the heart). In this manner, the
markers help the operator (or the system) locate the deflector
probe in the desired position.

[0073] At block 710, the operator may utilize a handle
(e.g., the handle 406) at the proximal end of the deflector
probe to manually displace the esophagus. For other aspects,
the system may manipulate the handle of the deflector probe.
For example, the handle may be motor-driven automatically
(e.g., under control of the processor 224). In either case, the
handle may be manipulated (e.g., translated and/or rotated)
to adjust the degree and/or direction of the esophageal
displacement. For certain aspects, a stylet (e.g., stylet 401)
of the deflector probe may be curved in the desired direction
and with the desired amount to move the esophagus as the
stylet curves. This deviation may be used, for example, to
move the esophagus away from the line of ablation.
[0074] At optional block 712, the system may perform
esophageal imaging again in an effort to verify displacement
of the esophagus. Such imaging may identify the trailing

Jul. 25,2019

edge (e.g., edge 604) of the esophagus and the distance of
the trailing edge from the line of ablation, for example. At
optional block 714, the operator may adjust the temperature
probe based on the esophageal imaging performed at block
712. For example, the temperature probe may be reposi-
tioned to match (e.g., lie against) the trailing edge of the
esophagus for a more accurate assessment of the esophageal
temperature rise during ablation.

[0075] At block 716, the operator and/or the system per-
forms the medical procedure (e.g., catheter ablation, such as
PVI). If the temperature at the one or more locations inside
the esophagus exceeds a threshold, then at optional block
718, the medical procedure may be stopped (e.g., manually
by the operator or automatically by the system, such as by
powering off an ablation energy source, such as source 219).
In this manner, damage to the esophagus may be avoided.

EXAMPLE OPERATIONS FOR MONITORING
ESOPHAGEAL TEMPERATURE

[0076] FIG. 8isa flow diagram of example operations 800
for monitoring esophageal temperature during a medical
procedure performed on a subject (e.g., a human patient or
another animal), in accordance with certain aspects of the
present disclosure. The operations 800 may be performed by
at least one processor, such as the processor 224 of FIG. 2.
[0077] The operations 800 may begin, at block 802, with
the processor receiving a temperature at each of one or more
locations inside the esophagus of the subject. The tempera-
ture at each location may be received from at least one
optical fiber deployed into the esophagus. At block 804, the
processor determines if the temperature exceeds a threshold.
At block 806, the processor outputs a control signal to
perform an action based on the determination that the
temperature exceeds the threshold at block 804.

[0078] According to certain aspects, the operations 800
may further involve outputting one or more video signals for
displaying the temperature at a selected set of the one or
more locations inside the esophagus. The video signals may
be intended for one or more display units, such as display
220 in FIG. 2. For certain aspects, the one or more video
signals encode one or more color-coded versions of the
temperature at the selected set of the one or more locations
inside the esophagus.

[0079] According to certain aspects, the medical proce-
dure includes an ablation procedure. In this case, the control
signal may be configured to shut down an ablation energy
source (e.g., ablation energy source 219 in FIG. 2). The
ablation energy source may, for example, be a radio fre-
quency (RF) power amplifier and/or frequency synthesizer
in an ablation system, such as the ablation system 218 of
FIG. 2.

[0080] According to certain aspects, the optical fiber com-
prises a plurality of fiber Bragg gratings (FBGs) having
different characteristic wavelengths.

[0081] According to certain aspects, the control signal is
configured to control a speaker to sound an audible alarm
based on the determination at block 804 that the temperature
exceeds the threshold.

[0082] According to certain aspects, at least one of the
locations is along a trailing edge of the esophagus due to
deviation of the esophagus from a normal esophageal posi-
tion by a deflector probe (e.g., deflector probe 212 in FIG.
2).
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[0083] Certain aspects of the present disclosure provide a
system for managing an esophagus of a subject during a
medical procedure. The system generally includes a tube
configured for insertion through a mouth and into the
esophagus of the subject. The tube generally includes a first
port located at a proximal end of the tube and in fluid
communication with a distal portion of the tube via a first
path, a second port located at the proximal end of the tube,
and a third port located between the proximal end of the tube
and a distal end of the tube and in fluid communication with
the second port via a second path.

[0084] Certain aspects of the present disclosure provide a
deflector probe for deploying into an esophagus of a subject
and capable of displacing the esophagus. The deflector probe
generally includes a stylet and a handle coupled to the stylet
and disposed at a proximal end of the deflector probe,
wherein the handle is configured to control a direction and
a degree of deflecting the stylet.

[0085] According to certain aspects, the handle is config-
ured such that, a clockwise rotation of the handle causes the
stylet to deflect in a first direction and a counterclockwise
rotation of the handle causes the stylet to deflect in a second
direction opposite from the first direction.

[0086] According to certain aspects, the deflector probe
further includes one or more radiopaque markers disposed
along a length of the stylet.

[0087] According to certain aspects, the stylet comprises a
nitinol wire.
[0088] According to certain aspects, the handle is config-

ured such that an axial translation of the handle controls a
degree of curvature in the stylet.

[0089] According to certain aspects, the deflector probe
further includes a shaft coupled to the handle and having a
bore (i.e., the shaft is hollow). The stylet may traverse the
bore of the shaft.

[0090] Certain aspects of the present disclosure provide a
deflector probe for deploying into an esophagus of a subject
and capable of displacing the esophagus. The deflector probe
generally includes means for pushing against an inner wall
of the esophagus to displace the esophagus, means for
rotating the means for pushing, and means for controlling a
degree of curvature in the means for pushing. For example,
the means for pushing may include a stylet (e.g., stylet 401),
which may be composed of one or more wires. The means
for rotating may include a rotational element coupled to the
means for pushing. For example, the means for rotating may
be implemented as a rotatable knob. The means for control-
ling the degree of curvature may be implemented with a
push-pull mechanism, for example.

[0091] According to certain aspects, at least one of the
means for rotating or the means for controlling are disposed
at a proximal end of the deflector probe.

[0092] According to certain aspects, the deflector probe
further includes means for visualizing the means for pushing
during medical imaging. For example, the means for visu-
alizing may include one or more radiopacifiers for use
during fluoroscopy.

[0093] Certain aspects of the present disclosure provide a
temperature probe for deploying into an esophagus of a
subject and measuring temperature at one or more locations
inside the esophagus. The temperature probe generally
includes an optical fiber comprising at least one fiber optic
sensor and a radiopacifier disposed at a distal portion of the
optical fiber.

Jul. 25,2019

[0094] According to certain aspects, the optical fiber com-
prises a core and a cladding surrounding the core. In this
case, the at least one fiber optic temperature sensor may
include one or more fiber Bragg gratings (FBGs) disposed in
the core of the optical fiber. For certain aspects, the one or
more FBGs comprise a plurality of FBGs spaced along a
length of the optical fiber. For certain aspects, each of the
plurality of FBGs comprises a different characteristic wave-
length. For certain aspects, a distance between an adjacent
pair of the plurality of FBGs is in a range from 0.5 to 1.5 cm.
[0095] According to certain aspects, the optical fiber com-
prises a core and a cladding surrounding the core. In this
case, the at least one fiber optic temperature sensor may
comprise a distributed temperature sensor configured to
utilize backscattered reflections of light along a length of the
core.

[0096] According to certain aspects, the radiopacifier is
disposed at a distal tip of the optical fiber.

[0097] Certain aspects of the present disclosure provide a
method for automatically managing an esophagus of a
subject during an ablation procedure. The method generally
includes determining a position associated with an ablation
catheter used in the ablation procedure; determining a posi-
tion associated with an esophageal management system
inserted into the esophagus and comprising a deflector
probe; calculating a distance between the position associated
with the ablation catheter and the position associated with
the esophageal management system; and based on the dis-
tance, controlling adjustment of the deflector probe to adjust
a position of the esophagus.

[0098] Any of the operations described above, such as the
operations 700 or 800, may be included as instructions in a
computer-readable medium for execution by a processing
system. The (non-transitory) computer-readable medium
may comprise any suitable memory or other storage device
for storing instructions, such as read-only memory (ROM),
random access memory (RAM), flash memory (e.g., USB
flash drive), an electrically erasable programmable ROM
(EEPROM), a compact disc ROM (CD-ROM), a floppy
disk, or a digital versatile disc ROM (DVD-ROM).

[0099] The methods disclosed herein comprise one or
more steps or actions for achieving the described method.
The method steps and/or actions may be interchanged with
one another without departing from the scope of the claims.
In other words, unless a specific order of steps or actions is
specified, the order and/or use of specific steps and/or
actions may be modified without departing from the scope of
the claims.

[0100] As used herein (including the claims that follow),
a phrase referring to “at least one of” a list of items refers to
any combination of those items, including single members.
As an example, “at least one of: X, y, and z” is intended to
cover: X, Y, Z, X-y, X-Z, y-Z, X-y-z, and any combination
thereof (e.g., X-y-y and x-x-y-z).

[0101] While the foregoing is directed to certain aspects of
the present disclosure, other and further aspects may be
devised without departing from the basic scope thereof, and
the scope thereof is determined by the claims that follow.

What is claimed is:
1. A system for managing an esophagus of a subject
during a medical procedure, the system comprising:
a tube configured for insertion through a mouth and into
the esophagus of the subject, the tube comprising;
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a first port located at a proximal end of the tube and in
fluid communication with a distal portion of the tube
via a first path;

a second port located at the proximal end of the tube;
and

a third port located between the proximal end of the
tube and a distal end of the tube and in fluid
communication with the second port via a second
path.

2. The system of claim 1, wherein the first path is isolated
from the second path within the tube.

3. The system of claim 1, wherein the first port is in fluid
communication with the distal end of the tube.

4. The system of claim 3, further comprising a fourth port
at the distal portion of the tube.

5. The system of claim 4, wherein the fourth port is at the
distal end of the tube.

6. The system of claim 1, wherein the distal end of the
tube comprises a radiopacifier that is radiopaque and
wherein the radiopacifier comprises a channel.

7. The system of claim 1, wherein:

the first port is configured to receive at least one of a

deflector probe for displacing the esophagus or a con-

trast medium for imaging the esophagus; and

the second port is configured to receive at least one of a

temperature probe for measuring temperature at one or
more locations inside the esophagus or a contrast
medium for imaging the esophagus and wherein the
third port is configured to release into the esophagus the
at least one of the temperature probe or the contrast
medium.

8. The system of claim 1, further comprising a deflector
probe capable of displacing the esophagus of the subject and
configured to be inserted into the first port of the tube, the
deflector probe comprising;

a stylet; and

a handle coupled to the stylet and disposed at a proximal

end of the deflector probe, wherein the handle is

configured to control a degree and a direction of
deflecting the stylet.

9. The system of claim 8, wherein the handle is configured
such that a clockwise rotation of the handle causes the stylet
to deflect in a first direction and a counterclockwise rotation
of the handle causes the stylet to deflect in a second direction
opposite from the first direction.

10. The system of claim 8, further comprising one or more
radiopaque markers disposed along a length of the stylet.

11. The system of claim 8, wherein the handle is config-
ured such that an axial translation of the handle controls a
degree of curvature in the stylet.

12. The system of claim 1, further comprising a tempera-
ture probe for measuring temperature at one or more loca-
tions inside the esophagus and configured to be inserted into
the second port of the tube, the temperature probe compris-
ing:

an optical fiber comprising a core and a cladding sur-

rounding the core; and

one or more fiber Bragg gratings (FBGs) disposed in the

core of the optical fiber.

13. The system of claim 12, further comprising a
radiopacifier disposed at a distal portion of the optical fiber.

14. The system of claim 12, wherein the one or more
FBGs comprise a plurality of FBGs spaced along a length of
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the optical fiber and wherein each of the plurality of FBGs
has a different characteristic wavelength.

15. A deflector probe for deploying into an esophagus of
a subject and capable of displacing the esophagus, the
deflector probe comprising;

a stylet; and

a handle coupled to the stylet and disposed at a proximal

end of the deflector probe, wherein the handle is
configured to control a direction and a degree of
deflecting the stylet.

16. The deflector probe of claim 15, wherein the handle is
configured such that a clockwise rotation of the handle
causes the stylet to deflect in a first direction and a coun-
terclockwise rotation of the handle causes the stylet to
deflect in a second direction opposite from the first direction.

17. The deflector probe of claim 15, further comprising
one or more radiopaque markers disposed along a length of
the stylet.

18. The deflector probe of claim 15, wherein the stylet
comprises a nitinol wire.

19. The deflector probe of claim 15, wherein the handle is
configured such that an axial translation of the handle
controls a degree of curvature in the stylet.

20. The deflector probe of claim 15, further comprising a
shaft coupled to the handle and having a bore, wherein the
stylet traverses the bore of the shaft.

21. A temperature probe for deploying into an esophagus
of a subject and measuring temperature at one or more
locations inside the esophagus, the temperature probe com-
prising:

an optical fiber comprising at least one fiber optic tem-

perature sensor; and

a radiopacifier disposed at a distal portion of the optical

fiber.

22. The temperature probe of claim 21, wherein the
optical fiber comprises a core and a cladding surrounding the
core and wherein the at least one fiber optic temperature
sensor comprises one or more fiber Bragg gratings (FBGs)
disposed in the core of the optical fiber.

23. The temperature probe of claim 22, wherein the one
or more FBGs comprise a plurality of FBGs spaced along a
length of the optical fiber and wherein each of the plurality
of FBGs comprises a different characteristic wavelength.

24. The temperature probe of claim 22, wherein a distance
between an adjacent pair of the plurality of FBGs is in a
range from 0.5 to 1.5 cm.

25. The temperature probe of claim 21, wherein the
radiopacifier is disposed at a distal tip of the optical fiber.

26. A method for monitoring esophageal temperature
during a medical procedure, the method comprising:

receiving, from at least one optical fiber deployed into an

esophagus of a subject, a temperature at each of one or
more locations inside the esophagus;

determining if the temperature exceeds a threshold; and

outputting a control signal to perform an action based on

the determination that the temperature exceeds the
threshold.

27. The method of claim 26, further comprising output-
ting one or more video signals for displaying the tempera-
ture at a selected set of the one or more locations inside the
esophagus.

28. The method of claim 27, wherein the one or more
video signals encode one or more color-coded versions of
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the temperature at the selected set of the one or more
locations inside the esophagus.

29. The method of claim 26, wherein the medical proce-
dure comprises an ablation procedure and wherein the
control signal is configured to shut down an ablation energy
source.

30. The method of claim 26, wherein the optical fiber
comptises a plurality of fiber Bragg gratings (FBGs) having
different characteristic wavelengths.

31. The method of claim 26, wherein the control signal is
configured to control a speaker to sound an audible alarm
based on the determination that the temperature exceeds the
threshold.

32. The method of claim 26, wherein at least one of the
locations is along a trailing edge of the esophagus due to
deviation of the esophagus from a normal esophageal posi-
tion by a deflector probe.

33. A deflector probe for deploying into an esophagus of
a subject and capable of displacing the esophagus, the
deflector probe comprising:

means for pushing against an inner wall of the esophagus

to displace the esophagus;

means for rotating the means for pushing; and

means for controlling a degree of curvature in the means

for pushing.

34. The deflector probe of claim 33, wherein at least one
of the means for rotating or the means for controlling are
disposed at a proximal end of the deflector probe.

35. The deflector probe of claim 33, further comprising
means for visualizing the means for pushing during medical
imaging.
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