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(54) TEMPERATURE MEASUREMENT SYSTEM

(57) A system for producing surface temperature es-
timations of a tissue surface is provided. A first optical
assembly receives infrared light emitted from multiple tis-
sue surface areas. A fiber receives the infrared light from

the first optical assembly, and a sensor that is optically
coupled to the fiber proximal end produces a signal that
correlates to an average temperature of each of the mul-
tiple tissue surface areas.
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Description

Related Applications

[0001] This patent application is related to International
Patent Application Serial Number PCT/US2011/061802,
entitled "Ablation and Temperature Measurement Devic-
es", filed November 22, 2011, the content of which is
incorporated by reference in its entirety. This application
claims the benefit of United States Provisional Applica-
tion Serial No. 61/749,617, filed January 7, 2013, the
content of which is incorporated by reference, in its en-
tirety.

Field

[0002] Embodiments relate generally to the field of tis-
sue temperature monitoring, and more particularly, to ab-
lation and temperature measurement devices and sys-
tems that monitor tissue temperature during energy de-
livery.

BACKGROUND

[0003] Numerous medical procedures include the de-
livery of energy to change the temperature of target tis-
sue, such as to ablate or otherwise treat the tissue. With
today’s energy delivery systems, it is difficult for an op-
erator of the system, such as a clinician, to treat all of the
target tissue while avoiding adversely affecting non-tar-
get tissue. In treatment of a cardiac arrhythmia, ablation
of heart tissue can often ineffectively ablate target tissue
such as heart wall tissue, while inadvertently ablating es-
ophageal tissue. In tumor ablation procedures, cancer-
ous tissue ablation may also be incomplete or healthy
tissue may be damaged.
[0004] There is a need for energy delivery and energy
monitoring systems which allow a clinician to properly
deliver energy to target tissue, while avoiding any de-
structive energy delivery to non-target tissue.

SUMMARY

[0005] According to a first aspect, a system for produc-
ing surface temperature estimations of a tissue surface
comprises a first optical assembly constructed and ar-
ranged to receive infrared light emitted from multiple tis-
sue surface areas; a fiber comprising a proximal end and
a distal end, where the distal end is optically coupled to
receive infrared light from the first optical assembly; and
a sensor optically coupled to the fiber proximal end,
where the sensor is constructed and arranged to produce
a signal that correlates to an average temperature of each
of the multiple tissue surface areas.
[0006] The system can be constructed and arranged
to produce surface temperature estimations of a surface
of an esophagus.
[0007] The system can further comprise a probe com-

prising the first optical assembly and the fiber. The probe
diameter can be less than or equal to 15F, or less than
or equal to 12F, or less than or equal to 9F, or less than
or equal to 6Fr.
[0008] The first optical assembly can comprise a sur-
rounding tube. The surrounding tube can comprise a rel-
atively infrared transmissive tube. The surrounding tube
can comprise a material selected from the group consist-
ing of: density polyethylene (HDPE) or low density poly-
ethylene (LDPE); germanium; and combinations of
these.
[0009] The first optical assembly can comprise an op-
tical element selected from the group consisting of: op-
tical fiber; lens; mirror; filter; prism; amplifier; refractor;
splitter; polarizer; aperture; and combinations of these.
[0010] The first optical assembly can comprise an op-
tical element constructed and arranged to perform an
action on the received infrared light selected from the
group consisting of: focus; split; filter; transmit without
filtering; amplify; refract; reflect; polarize; and combina-
tions of these.
[0011] The first optical assembly can comprise a rigid
length less than or equal to 3cm, or less than or equal to
2cm, or less than or equal to 1cm, or less than or equal
to 0.5cm.
[0012] The first optical assembly can comprise an op-
tical element comprising a planar surface, an angled sur-
face and a convex surface. The angled surface can com-
prise an angle of approximately 45°. The convex surface
can comprise a convex surface with approximately a
4mm radius.
[0013] The first optical assembly can comprise an op-
tical element with a first surface constructed and ar-
ranged to receive infrared light from tissue and a second
surface constructed and arranged to direct the received
infrared light to the fiber distal end. The second surface
can comprise a convex surface. The first optical assem-
bly can comprise an optical separation distance between
the second surface and the fiber distal end. In some em-
bodiments, the fiber can comprise an approximately
400mm core, the optical separation distance can com-
prise a distance of approximately 4.5mm, and the second
surface can comprise a convex radius of approximately
3mm. In this embodiment, the first optical assembly can
comprise a focal length of approximately 3.5mm, and the
system can be constructed and arranged to receive in-
frared light from multiple tissue surface areas comprising
an area of approximately 0.4mm. In some embodiments,
the fiber can comprise an approximately 400mm core,
the optical separation distance can comprise a distance
of approximately 4.2mm, and the second surface can
comprise a convex radius of approximately 4mm. In this
embodiment, the first optical assembly can comprise a
focal length of approximately 7.5mm, the system can be
constructed and arranged to receive infrared light from
multiple tissue surface areas comprising an area of ap-
proximately 1.0mm, and the system can comprise spatial
resolution criteria correlating to a depth of field of approx-
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imately 8mm.
[0014] The first optical assembly can comprise a focal
length of less than or equal to 10mm, or less than or equal
to 5mm, for example, a focal length of approximately
3.2mm, or approximately 3.5mm. The first optical assem-
bly can comprise a focal length between 4mm and 10mm.
[0015] The system can comprise spatial resolution cri-
teria correlating to a depth of field between 0.1mm and
15mm, or a depth of field between 0.1mm and 1.0mm,
for example a depth of field of approximately 0.5mm. The
system can comprise spatial resolution criteria correlat-
ing to a depth of field of between 1.5mm and 10mm, for
example a depth of field of approximately 7mm.
[0016] The first optical assembly can comprise a flange
constructed and arranged to geometrically center the fib-
er.
[0017] The multiple tissue surface areas can comprise
multiple tissue surfaces, each comprising an area be-
tween 0.1mm2 and 20mm2, or an area between 0.5mm2

and 1.5mm2, for example an area of approximately
1mm2.
[0018] The multiple tissue surface areas can comprise
multiple tissue surfaces, each comprising an equivalent
diameter between 0.5mm and 1.5mm.
[0019] The multiple tissue surface areas can comprise
multiple tissue surfaces, each comprising a major axis
comprising a length between 0.5mm and 1.5mm.
[0020] The multiple tissue surface areas can comprise
multiple tissue surfaces, each comprising a relatively cir-
cular geometry, or a relatively rectangular geometry. The
multiple tissue surface areas can comprise multiple rel-
atively flat tissue surfaces, or can comprise multiple
peaks and valleys. The multiple tissue surface areas can
comprise multiple tubular tissue surface areas, for exam-
ple a segment of the esophagus.
[0021] The fiber can comprise a material selected from
the group consisting of: zinc selenide, germanium; ger-
manium oxide, silver halide; chalcogenide; a hollow core
fiber material; and combinations of these.
[0022] The fiber can comprise a material relatively
transmissive to wavelengths between 6mm and 15mm,
or wavelengths between 8mm and 11mm.
[0023] The fiber can comprise a bundle of fibers. The
bundle of fibers can comprise coherent or non-coherent
fibers.
[0024] The fiber can comprise at least one anti-reflec-
tive coating. For example, the at least one anti-reflective
coating can be positioned on at least one of the fiber
proximal end or the fiber distal end. The at least one anti-
reflective coating can comprise a coating selected from
the group consisting of: a broadband anti-reflective coat-
ing such as a coating covering a range of 6mm - 15mm
or a range of 8mm -11mm; a narrow band anti-reflective
coating such as a coating covering a range of 7.5mm -8
mm or a range of 8mm - 9mm; a single line anti-reflective
coating such as a coating designed to optimally reflect a
single wavelength or a very narrow range of wavelengths
in the infrared region; and combinations of these.

[0025] The fiber can further comprise a core compris-
ing a diameter between 6mm and 100mm, or a diameter
between 200mm and 400mm.
[0026] The fiber can further comprise a core and a sur-
rounding cladding. The fiber further can comprise a core
and an air envelope surrounding the core.
[0027] The fiber further can comprise a twist resisting
structure surrounding at least a portion of the fiber be-
tween the fiber proximal end and the fiber distal end, for
example a structure selected from the group consisting
of: coil; braid; and combinations of these. The twist re-
sisting structure can comprise a torque shaft. The torque
shaft can comprise multiple layers of wires wound in op-
posite directions. The torque shaft can comprise four to
twelve wires.
[0028] The system can be constructed and arranged
to perform a manipulation on the fiber selected from the
group consisting of: rotating the fiber; translating the fiber;
and combinations of these. The fiber can comprise a
service loop constructed and arranged to accommodate
translation motion.
[0029] The fiber can further comprise a sleeve sur-
rounding at least a portion of the fiber where the sleeve
can comprise a material constructed and arranged to be
non-reactive with at least a portion of the fiber. For ex-
ample, the fiber can comprise a core, and the sleeve
material can be constructed and arranged to be non-re-
active with the core.
[0030] The sensor can comprise an infrared light de-
tector. The sensor can comprise a sensor selected from
the group consisting of: a photoconductor such as a mer-
cury cadmium telluride photodetector or a mercury zinc
telluride photodetector, a microbolometer; a pyroelectric
detector such as a lithium tantalite detector or triclycine
sulfate detector, a thermopile; and combinations of these.
[0031] The sensor can comprise a response time less
than or equal to 200 milliseconds, or a response time
less than or equal to 1 millisecond.
[0032] The sensor can comprise a cooling assembly
constructed and arranged to cool one or more portions
of the sensor. The cooling assembly can comprise a cool-
ing assembly selected from the group consisting of: liquid
nitrogen filled dewar; thermoelectric cooler; Stirling cycle
cooler; and combinations of these.
[0033] The signal can comprise a voltage signal and/or
a current signal. The signal can represent a change in
received infrared light.
[0034] The system can further comprise a shaft, where
the fiber is slidingly received by the shaft. The shaft can
comprise a rounded tip. The shaft can comprise a mate-
rial selected from the group consisting of: polyethylene;
polyimide; polyurethane; polyether block amide; and
combinations of these. The shaft can comprise a braided
shaft. The shaft can be constructed and arranged for
over-the-wire insertion into a body lumen. The shaft can
be constructed and arranged for insertion into a nostril.
The shaft can be constructed and arranged to be inserted
through anatomy with a radius of curvature less than or
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equal to 4 inches, or a radius of curvature less than or
equal to 2 inches, or a radius of curvature less than or
equal to 1 inch.
[0035] The system can further comprise a second op-
tical assembly constructed and arranged to receive in-
frared light from the fiber and direct light onto a receiving
surface of the sensor. The second optical assembly can
comprise an adjustment assembly constructed and ar-
ranged to allow at least two-dimensional positioning of
the second optical assembly relative to the sensor.
[0036] The second optical assembly can comprise an
optical element selected from the group consisting of:
optical fiber; lens; mirror; filter; prism; amplifier; refractor;
splitter; polarizer; aperture; and combinations of these.
The second optical assembly can comprise an optical
element constructed and arranged to perform an action
on the received infrared light selected from the group
consisting of: focus; split; filter; transmit without filtering;
amplify; refract; reflect; polarize; and combinations of
these.
[0037] The system can comprise a cooled housing
and, at least a portion of the second optical assembly
can be maintained within the cooled housing, for example
a Stirling cooled housing.
[0038] The second optical assembly comprises a com-
ponent comprising an anti-reflective surface.
[0039] The second optical assembly can comprise a
component relatively transmissive of light with a wave-
length between 6mm and 15mm, or a wavelength be-
tween 8mm and 11mm.
[0040] The second optical assembly can comprise a
focusing lens. The focusing lens can be separated from
a least a portion of the sensor by a gap, for example an
operator adjustable gap.
[0041] The second optical assembly can comprise a
filter. The filter can be relatively non-transmissive of light
with a wavelength below 8mm and/or relatively non-trans-
missive of light with a wavelength above 11mm.
[0042] The second optical assembly can comprise a
cold aperture.
[0043] The second optical assembly can comprise an
immersion lens.
[0044] The second optical assembly can be construct-
ed and arranged to overfill the receiving surface of the
sensor with the infrared light received from the fiber. For
example, the second optical assembly can be construct-
ed and arranged to overfill the sensor to perform an action
selected from the group consisting of: minimizing infrared
light emanating from surfaces other than the fiber prox-
imal end onto the sensor receiving surface; minimizing
errors caused by light emanating from the fiber proximal
end moving at least one of on or off the receiving surface;
and combinations of these. The second optical assembly
can be constructed and arranged to underfill the receiving
surface of the sensor with the infrared light received from
the fiber. For example, the second optical assembly can
be constructed and arranged to underfill the sensor to
maximize the amount of light received by the receiving

surface of the sensor that emanates from the fiber prox-
imal end. The system can be constructed and arranged
to allow an operator to adjust the amount of at least one
of overfill or underfill.
[0045] The second optical assembly can be construct-
ed and arranged to deliver the infrared light received from
the fiber in a pattern matching the geometry of the re-
ceiving surface of the sensor. In some embodiments, the
system can be constructed and arranged to deliver the
infrared light received from the fiber in a rectangular pat-
tern to the receiving surface of the sensor, where the
receiving surface of the sensor comprises a rectangular
pattern. In some embodiments, the system can be con-
structed and arranged to deliver the infrared light re-
ceived from the fiber in a circular pattern to the receiving
surface of the sensor, where the receiving surface of the
sensor comprises a circular pattern. In some embodi-
ments, the system can be constructed and arranged to
deliver the infrared light received from the fiber in an el-
liptical pattern to the receiving surface of the sensor,
where the receiving surface of the sensor comprises an
elliptical pattern. In some embodiments, the system can
be constructed and arranged to deliver the infrared light
received from the fiber in a square pattern to the receiving
surface of the sensor, where the receiving surface of the
sensor comprises a square pattern.
[0046] The system can further comprise a rotating as-
sembly. The rotating assembly can be constructed and
arranged to rotate the fiber and/or the first optical assem-
bly. The system can further comprise a translating as-
sembly constructed and arranged to translate the fiber.
The system can be constructed and arranged to simul-
taneously rotate and translate the fiber or sequentially
rotate and translate the fiber. The rotating assembly can
be constructed and arranged to provide a 360° rotation.
The rotating assembly can be constructed and arranged
to provide a reciprocating rotation less than 360°, such
as a reciprocating rotation between 45° and 320°, or a
reciprocating motion of less than or equal to 180°, or a
reciprocating motion of less than or equal to 90°.
[0047] The rotating assembly can comprise a rotation-
al encoder.
[0048] The rotating assembly can be constructed and
arranged to rotate the fiber at a velocity between 1000rpm
and 15000rpm, or a velocity between 4000rpm and
8000rpm, for example a velocity of approximately
7260rpm.
[0049] The rotating assembly can comprise an adjust-
ment assembly constructed and arranged to allow an op-
erator to adjust the position of at least a portion of the
fiber, for example the fiber proximal end. The adjustment
assembly can be constructed and arranged to provide at
least two dimensions of adjustment.
[0050] The system can further comprise a translating
assembly constructed and arranged to translate the fiber
and/or the sensor. The translating assembly can be con-
structed and arranged to translate the fiber in a recipro-
cating motion. The system can further comprise a rotating
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assembly constructed and arranged to rotate the fiber.
The translating assembly can be further constructed and
arranged to translate the rotating assembly. The system
can be constructed and arranged to simultaneously ro-
tate and translate the fiber, or sequentially rotate and
translate the fiber.
[0051] The translating assembly can be constructed
and arranged to translate the fiber a distance between
5mm and 100mm, or a distance between 10mm and
40mm, for example a distance of approximately 25mm.
[0052] The translating assembly can comprise a linear
encoder. The translating assembly can comprise a yan-
kee screw.
[0053] The translating assembly can be constructed
and arranged to provide a relatively continuous transla-
tion of the fiber. The translating assembly can be con-
structed and arranged to translate the fiber for a first time
period and a second time period, where the first and sec-
ond time periods are separated by a delay.
[0054] The system can further comprise a user inter-
face. The user interface can be constructed and arranged
to display a graphical temperature map of the average
temperature of each of the multiple tissue surface areas.
The user interface can be constructed and arranged to
depict temperature differences by varying a graphical pa-
rameter selected form the group consisting of: color; hue;
contrast; and combinations of these. The user interface
can be constructed and arranged to allow an operator to
adjust a temperature versus a graphic parameter corre-
lation.
[0055] The user interface can be constructed and ar-
ranged to display a temperature map of a two dimension-
al representation of body tissue and/or a three dimen-
sional representation of body tissue.
[0056] The user interface can be constructed and ar-
ranged to display an alphanumeric table of temperature
information.
[0057] The user interface can be constructed and ar-
ranged to display and continually update a temperature
map of the average temperature of each of the multiple
tissue surface areas. For example, the user interface can
be constructed and arranged to update the temperature
map every 0.1 seconds to every 30 seconds, or every
0.2 seconds to every 5 seconds, or every 0.5 seconds
to every 2 seconds, for example approximately every 1
second.
[0058] The user interface can further comprise a user
input component. The user input component can com-
prise a component selected from the group consisting of:
touch screen monitor; a keyboard; a mouse; a joystick;
and combinations of these.
[0059] The user interface can be constructed and ar-
ranged to allow an operator to calibrate the sensor. The
user interface can be constructed and arranged to allow
an operator to adjust a motion parameter selected form
the group consisting of: a rotation parameter such as
rotational travel distance and/or rotational speed; a trans-
lation parameter such as translation travel distance

and/or translational speed; scanning pattern geometry;
and combinations of these.
[0060] The user interface can be constructed and ar-
ranged to display other temperature information, for ex-
ample at least one of peak temperature information and
average temperature information for multiple tissue sur-
faces.
[0061] The system can further comprise a signal
processing unit. The signal processing unit can be con-
structed and arranged to correlate the sensor signal into
a table of temperature values correlating to the multiple
tissue surface areas. The system can further comprise
a video monitor, and the signal processing unit can pro-
duce a video signal constructed and arranged to drive
the video monitor. The signal processing unit can com-
prise an algorithm, for example an algorithm constructed
and arranged to perform a function selected from the
group consisting of: averaging one or more values such
as temperature values; finding the peak value of one or
more temperature values; comparing peak values of one
or more tissue areas; rate of change of tissue tempera-
ture; rate of rate of change of tissue temperature; deter-
mining an outlier value; and combinations of these. Ad-
ditionally, the algorithm can be constructed and arranged
to determine an area of tissue whose average tempera-
ture is higher than other tissue areas measured.
[0062] The system can further comprise at least one
band, where the first optical assembly can collect infrared
light emanating from the at least one band. The at least
one band can comprise a proximal band, and the first
optical assembly can be constructed and arranged to
translate between a proximal position and distal position,
and where the proximal band is positioned relative the
proximal position. The at least one band can comprise a
distal band, and the first optical assembly can be con-
structed and arranged to translate between a proximal
position and distal position, where the distal band is po-
sitioned relative the distal position. The at least one band
can comprise a distal band and a proximal band, and the
first optical assembly can be constructed and arranged
to translate between the distal band and the proximal
band. The at least one band can comprise a material
selected from the group consisting of: a thermally con-
ductive material; aluminum, titanium, gold, copper, steel;
and combinations of these. The at least one band can
be constructed and arranged to cause the sensor to pro-
duce a predetermined signal when the first optical ele-
ment receives infrared light from the at least one band.
[0063] The system can further comprise at least one
temperature sensor constructed and arranged to meas-
ure a temperature of the at least one band. The at least
one temperature sensor can comprise a sensor selected
from the group consisting of: thermocouple; thermisters;
and combinations of these. The system can be construct-
ed and arranged to calibrate the sensor based on the
measured temperature. The system can be constructed
and arranged to calibrate the sensor multiple times,
where the calibration can be based on the measured tem-
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perature. For example, the optical assembly can be con-
structed and arranged to translate, and the system can
be constructed and arranged to calibrate the sensor for
every optical assembly translation.
[0064] The at least one band can comprise a first band
and a second band, and the system can further comprise
a second temperature sensor constructed and arranged
to measure a temperature of the second band. For ex-
ample, the optical assembly can be constructed and ar-
ranged to translate, and the system can be constructed
and arranged to calibrate the sensor two times for every
optical assembly translation.
[0065] The at least one band can comprise a visuali-
zation marker, for example a marker selected from the
group consisting of: a radiopaque marker such as a ra-
diopaque marker band; an ultrasonically reflective mark-
er; a visible light marker; a magnetic marker; and com-
binations of these.
[0066] The system can further comprise a positioning
member. The positioning member can be constructed
and arranged to position the first optical assembly at a
distance from the tissue surface. The positioning member
can be constructed and arranged to center the first optical
assembly in a body lumen, for example in an esophagus.
[0067] According to another aspect, a system for pro-
ducing surface temperature estimations of a tissue sur-
face comprises an elongate probe comprising a first op-
tical assembly constructed and arranged to receive in-
frared light emitted from multiple tissue surface areas
and a fiber comprising a proximal end and a distal end,
where the distal end is optically coupled to receive infra-
red light from the first optical assembly; and a sensor
optically coupled to the fiber proximal end, where the
sensor is constructed and arranged to produce a signal
that correlates to an average temperature of each of the
multiple tissue surface areas.
[0068] According to another aspect, a system for pro-
ducing surface temperature estimations of a tissue sur-
face comprises a fiber comprising a proximal end and a
distal end, where the fiber is constructed and arranged
to allow infrared light to pass therethrough; an optical
assembly optically coupled to the distal end of the fiber,
where the optical assembly is constructed and arranged
to receive infrared light emitted from at least one tissue
surface area; and a sensor optically coupled to the fiber
proximal end, where the sensor is constructed and ar-
ranged to produce a signal based on the infrared light
emitted from the at least one tissue surface area, and
where the signal correlates to an average temperature
of the at least one tissue surface area.
[0069] According to another aspect, a method of pro-
ducing surface temperature estimations of a tissue sur-
face comprises: selecting a system of as described here-
in; deploying at least a portion of the system to a tissue
surface of a patient location; and producing surface tem-
perature estimations in the region of the tissue surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0070] The accompanying drawings, which are incor-
porated in and constitute a part of this specification, il-
lustrate various embodiments of the present inventive
concepts, and together with the description, serve to ex-
plain the principles of the inventive concepts. In the draw-
ings:

Fig. 1 is a schematic view of a temperature mapping
system including a temperature measurement
probe, consistent with the present inventive con-
cepts.
Fig. 2 is a sectional side view of the distal portion of
the temperature measurement probe of Fig. 1 posi-
tioned in a body lumen, consistent with the present
inventive concepts.
Fig. 2A is a magnified sectional side view of the distal
portion of the temperature measurement probe of
Fig. 2, including an infrared light collector, consistent
with the present inventive concepts.
Fig. 2B is a perspective view of a component of the
infrared light collector of Fig. 2A, including the path-
way of collected infrared light, consistent with the
present inventive concepts.
Fig. 3 is an optical schematic of a "close-optimized"
optical system, including cross sectional represen-
tations of tissue surface areas, consistent with the
present inventive concepts.
Fig. 4 is an optical schematic of a "range-optimized"
optical system, including cross sectional represen-
tations of tissue surface areas, consistent with the
present inventive concepts.
Fig. 5A is a perspective view of a sensor assembly
and a rotating assembly, consistent with the present
inventive concepts.
Fig. 5B is a perspective cross sectional view of the
rotating assembly of Fig. 5A, consistent with the
present inventive concepts.
Fig. 6 is a perspective view of a translating assembly,
consistent with the present inventive concepts.
Fig. 7 is an optical schematic of an optical pathway
proximate a sensor assembly, consistent with the
present inventive concepts.
Fig. 8A is an optical schematic of an infrared detector
illustrating projections of infrared light focused to-
ward the detector, in a configuration that overfills the
detector, consistent with the present inventive con-
cepts.
Fig. 8B is an optical schematic of an infrared detector
illustrating projections of the infrared light focused
toward the detector, in a configuration that underfills
the detector, consistent with the present inventive
concepts.

DETAILED DESCRIPTION OF THE DRAWINGS

[0071] Reference will now be made in detail to the
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present embodiments of the inventive concepts, exam-
ples of which are illustrated in the accompanying draw-
ings. Wherever possible, the same reference numbers
will be used throughout the drawings to refer to the same
or like parts.
[0072] The terminology used herein is for the purpose
of describing particular embodiments and is not intended
to be limiting of the inventive concepts. As used herein,
the singular forms "a," "an" and "the" are intended to in-
clude the plural forms as well, unless the context clearly
indicates otherwise.
[0073] It will be further understood that the words "com-
prising" (and any form of comprising, such as "comprise"
and "comprises"), "having" (and any form of having, such
as "have" and "has"), "including" (and any form of includ-
ing, such as "includes" and "include") or "containing" (and
any form of containing, such as "contains" and "contain")
when used herein, specify the presence of stated fea-
tures, integers, steps, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.
[0074] It will be understood that, although the terms
first, second, third etc. may be used herein to describe
various limitations, elements, components, regions, lay-
ers and/or sections, these limitations, elements, compo-
nents, regions, layers and/or sections should not be lim-
ited by these terms. These terms are only used to distin-
guish one limitation, element, component, region, layer
or section from another limitation, element, component,
region, layer or section. Thus, a first limitation, element,
component, region, layer or section discussed below
could be termed a second limitation, element, compo-
nent, region, layer or section without departing from the
teachings of the present application.
[0075] It will be further understood that when an ele-
ment is referred to as being "on", "attached", "connected"
or "coupled" to another element, it can be directly on or
above, or connected or coupled to, the other element or
intervening elements can be present. In contrast, when
an element is referred to as being "directly on", "directly
attached", "directly connected" or "directly coupled" to
another element, there are no intervening elements
present. Other words used to describe the relationship
between elements should be interpreted in a like fashion
(e.g., "between" versus "directly between," "adjacent"
versus "directly adjacent," etc.).
[0076] Spatially relative terms, such as "beneath," "be-
low," "lower," "above," "upper" and the like may be used
to describe an element and/or feature’s relationship to
another element(s) and/or feature(s) as, for example, il-
lustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different
orientations of the device in use and/or operation in ad-
dition to the orientation depicted in the figures. For ex-
ample, if the device in a figure is turned over, elements
described as "below" and/or "beneath" other elements
or features would then be oriented "above" the other el-

ements or features. The device can be otherwise oriented
(e.g., rotated 90 degrees or at other orientations) and the
spatially relative descriptors used herein interpreted ac-
cordingly.
[0077] The term "and/or" where used herein is to be
taken as specific disclosure of each of the two specified
features or components with or without the other. For
example "A and/or B" is to be taken as specific disclosure
of each of (i) A, (ii) B and (iii) A and B, just as if each is
set out individually herein.
[0078] It is appreciated that certain features of the in-
vention, which are, for clarity, described in the context of
separate embodiments, may also be provided in combi-
nation in a single embodiment. Conversely, various fea-
tures of the invention which are, for brevity, described in
the context of a single embodiment, may also be provided
separately or in any suitable sub-combination.
[0079] For example, it will be appreciated that all fea-
tures set out in any of the claims (whether independent
or dependent) can be combined in any given way.
[0080] Provided herein is a temperature measurement
system for producing a temperature map for multiple lo-
cations, such as a two or three dimensional surface of a
patient’s tissue. The system can include one or more
sensors, such as infrared (IR) light detectors or other
infrared sensors. The system can include a reusable por-
tion, and one or more disposable portions. The system
can include a probe, such as a probe constructed and
arranged to be inserted into a body lumen such as the
esophagus or colon. The probe can include an elongate
member such as a shaft, and the system can be con-
structed and arranged to measure temperature at multi-
ple tissue locations positioned at the side of the elongate
member and/or forward of the distal end of the elongate
member. The system or probe can be constructed and
arranged as described in applicant’s co-pending Interna-
tional Patent Application Serial Number
PCT/US2011/061802, entitled "Ablation and Tempera-
ture Measurement Devices", and filed November 22,
2011, the contents of which is incorporated by reference
in its entirety.
[0081] Referring now to Fig. 1, a schematic view of
a temperature mapping system including a temperature
measurement probe is illustrated, consistent with the
present inventive concepts. System 10 includes probe
100, sensor assembly 500, signal processing unit (SPU)
400, and user interface 300. Probe 100 includes shaft
110 which slidingly receives an elongate filament, fiber
assembly 200. Fiber assembly 200 is constructed and
arranged to collect at least infrared light emanating from
one or more surface locations (e.g. one or more tissue
surface locations) positioned radially out from the central
axis of the distal portion of shaft 110. The collected in-
frared light travels proximally within fiber assembly 200
and is received by sensor assembly 500. Sensor assem-
bly 500 converts the received infrared light to one or more
information signals that are transmitted to SPU 400. Sys-
tem 10 can include motion transfer assembly 600, con-
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figured to cause fiber assembly 200 to translate and/or
rotate, such as to collect infrared light from a series of
tissue locations (e.g. a contiguous or discontiguous sur-
face of tissue). SPU 400 converts the one or more infor-
mation signals received from sensor assembly 500 into
a series of temperature measurements that can be cor-
related to the series of tissue locations, such as to provide
information regarding temperatures (e.g. average tem-
peratures) present on a two and/or three dimensional
tissue surface.
[0082] Shaft 110 includes proximal end 111 and distal
end 112. Distal end 112 can comprise a rounded tip con-
figured as shown for atraumatic insertion of probe 100
into a body lumen of a patient. Shaft 110 can comprise
a material selected from the group consisting of: polyeth-
ylene; polyimide; polyurethane; polyether block amide;
and combinations of these. Shaft 110 can comprise a
braided shaft and/or include one or more braided portions
constructed and arranged to provide increased column
strength and/or improve response to a torque applied at
or near proximal end 111 of shaft 110. Probe 100 can be
configured for insertion over a guidewire, not shown but
typically where shaft 110 includes a guidewire lumen or
distal guidewire sidecar as is known to those of skill in
the art. The distal portion of shaft 110 includes a relatively
infrared transparent tube (i.e. an infrared transmissive
tube), window 115, comprising a tubular segment which
can include at least a portion which is transparent or rel-
atively transparent to infrared light. Window 115 can com-
prise a material selected from the group consisting of:
polyethylene such as high density polyethylene (HDPE)
or low density polyethylene (LDPE); germanium or sim-
ilarly infrared transparent materials; and combinations of
these. In embodiments where shaft 110 includes a braid
or other reinforcing structure, window 115 or a portion of
window 115 can be void of the reinforcing structure.
[0083] Shaft 110 can be rigid, flexible, or include both
rigid and flexible segments along its length. Fiber assem-
bly 200 can be rigid, flexible, or include both rigid and
flexible segments along its length. Shaft 110 and fiber
assembly 200 can be constructed to be positioned in a
straight or curvilinear geometry, such as a curvilinear ge-
ometry including one or more bends with radii less than
or equal to 4 inches, less than or equal to 2 inches, or
less than or equal to 1 inch, such as to allow insertion
into the esophagus via a nasal passageway. In some
embodiments, shaft 110 and fiber assembly 200 com-
prise sufficient flexibility along one or more portions of
their length to allow insertion of probe 100 into a body
lumen or other body location, such as into the esophagus
via the mouth or a nostril, or into the lower gastrointestinal
tract via the anus, and/or into the urethra. Shaft 110 can
comprise an outer diameter less than 15Fr, such as a
shaft with a diameter less than 12Fr, less than 9Fr, or
less than 6Fr.
[0084] Fiber assembly 200 includes fiber 210 compris-
ing proximal end 211 and distal end 212. Connector 204
is positioned on proximal end 211 and configured to me-

chanically and optically connect fiber assembly 200 to
sensor assembly 500. In some embodiments, connector
204 comprises a linearly adjustable table or a two-dimen-
sionally adjustable (X-Y) table constructed and arranged
to allow precise positioning of fiber 210 relative to one or
more components of sensor assembly 500. In some em-
bodiments, one or two dimensional positioning can be
performed by the manufacturer only. Fiber 210 can com-
prise one or more materials highly transparent to one or
more ranges of infrared light wavelengths, such as one
or more fibers comprising a material selected from the
group consisting of: zinc selenide; germanium; germani-
um oxide; silver halide; chalcogenide; a hollow core fiber
materia!; and combinations of these. Fiber 210 can be
configured to be highly transparent to infrared light with
wavelengths between 6mm to 15mm, or between 8mm
and 11mm. In some embodiments, fiber 210 comprises
multiple fibers, such as multiple fibers in a coherent or
non-coherent bundle.
[0085] In some embodiments, proximal end 211 and/or
distal end 212 of fiber 210 comprises a surface with a
coating, such as an anti-reflective (AR) coating. System
10 can include one or more components that include an
optical surface that receives infrared light and/or from
which infrared light is emitted. These optical surfaces can
include one or more anti-reflective coatings, such as a
coating selected from the group consisting of: a broad-
band anti-reflective coating such as a coating covering
a range of 6mm - 15mm or a range of 8mm - 11mm; a
narrow band anti-reflective coating such as a coating cov-
ering a range of 7.5mm - 8 mm or a range of 8mm - 9mm;
a single line anti-reflective coating such as a coating de-
signed to optimally reflect a single wavelength or a very
narrow range of wavelengths in the infrared region; and
combinations of these. Anti-reflective coatings can be
included to improve transmission by up to 30% per sur-
face by reducing Fresnel losses at each surface. Anti-
reflective coatings can be constructed and arranged to
accept a small or large range of input angles.
[0086] In some embodiments, fiber assembly 200
comprises a cladding, such as is described in reference
to Fig. 2A herebelow. Cladding can be included to cause
and/or maintain total internal reflection of the infrared light
as it travels from the distal to proximal end of fiber as-
sembly 200. Alternatively or additionally, fiber assembly
200 can comprise a coil, braid or other twist resisting
structure surrounding optical fiber 210, such as to im-
prove torsional response of fiber assembly 200. In some
embodiments, fiber assembly 200 comprises a coil, braid
or other surrounding element (e.g. a torque shaft) for im-
proving torque response, such as is described in refer-
ence to Fig. 2A herebelow.
[0087] System 10 includes an optical assembly 250
comprising collector 220, which can be attached to distal
end 212 of fiber 210. Collector 220 can include one or
more optical components, such as one or more optical
components used to perform an action on the collected
infrared light, such as an action selected from the group
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consisting of: focus; split; filter; transmit without filtering
(e.g. pass through); amplify; refract; reflect; polarize; and
combinations of these. Collector 220 can include one or
more optical components selected from the group con-
sisting of: optical fiber; lens; mirror; filter; prism; amplifier;
refractor; splitter; polarizer; aperture; and combinations
of these. Collector 220 can include a housing and other
mechanical, electrical and/or optical components, such
as are described in reference to collector 220 of Fig. 2A
herebelow. Collector 220 can comprise a finite rigid
length, such as a rigid length less than 3cm, less than
2cm, less than 1cm or less than 0.5cm, such as to ac-
commodate travel through a curvilinear path as de-
scribed hereabove.
[0088] Infrared light which is emitted from a particular
tissue location proximate to the distal portion of fiber as-
sembly 200, and then passes through window 115, is
collected by collector 220. Collector 220 is optically cou-
pled to fiber 210 at distal end 212, such that the collected
light travels proximally through fiber 210. Proximal end
211 is optically coupled to sensor assembly 500 such
that the collected light is received by sensor assembly
500. A signal produced by sensor assembly 500 based
on the collected light is correlated by SPU 400 to an es-
timated, average temperature, hereinafter "measured
temperature", for that particular tissue location, herein-
after the "collection location". This measured tempera-
ture represents an average temperature of the entire sur-
face of the collection location, which can include multiple
different temperatures across its entire surface. In other
words, the collected infrared light from each collection
location travels proximally through fiber 210 as a single,
undividable signal correlating to an average temperature
of the entire collection location. Errors in the measured
temperature can be caused by a factor selected from the
group consisting of: unaccounted for and/or unknown in-
frared signal losses along system 10’s optical pathway;
unaccounted for and/or unknown infrared signal gains
(e.g. an extraneous input of infrared light) along system
10’s optical pathway; sensor assembly 500 inaccuracies
or spurious signals; electrical signal noise; and combi-
nations of these.
[0089] In some embodiments, collector 220 is con-
structed and arranged to collect light from a collection
location (e.g. a tissue surface area) with an area of ap-
proximately 0.5mm2 - 1.5mm2, such as an area of ap-
proximately 1.0mm2. In some embodiments, collector
220 is constructed and arranged to collect light from a
relatively circular shaped area with a equivalent diameter
ranging between 0.5mm and 1.5mm. In some embodi-
ments, collector 220 is constructed and arranged to col-
lect light from a rectangular or elliptical shaped area with
a major axis between 0.5 and 1.5mm. Collection loca-
tions can comprise a broad range of sizes and shapes,
such as locations comprising an area between 0.1mm2

and 20mm2. Collection locations can comprise various
shapes such as a shape selected from the group con-
sisting of: an ellipse such as a circle or an oval; a rectangle

such as a square; a polygon such as a trapezoid; and
combinations of these. The efficiency of collection of light
from the collection location can vary over the collection
area, for example the efficiency of collection from the
center of the collection location can be greater than that
from the periphery of the collection location, resulting in
a weighting of the measured temperature towards that
of the center of the collection location. System 10 can be
constructed and arranged to collect light from multiple
tissue surface areas, such as by rotating and/or spinning
collector 220 as described in detail herein.
[0090] A collection location and/or groups of collection
locations can comprise tissue that is relatively flat (e.g.
the included tissue surface orthogonal to collector 220
has a relatively constant distance to collector 220), or it
can comprise tissue that is undulating or otherwise in-
cludes peaks and/or valleys. System 10 can be config-
ured to minimize temperature measurement errors by
optics whose focus matches the topography of the tissue
surface being measured. A non-limiting example of a sys-
tem 10 optimized for tissue at a relatively uniform dis-
tance from probe 100 is described in reference to Fig. 3
herebelow. A non-limiting example of a system 10 opti-
mized for tissue at a varying or unknown distance from
probe 100 is described in reference to Fig. 4 herebelow.
[0091] As described above, in some embodiments, fib-
er assembly 200, including collector 220, is configured
to be translated and/or rotated, such as by translating
assembly 610 and/or rotating assembly 660, respective-
ly. Translating assembly 610 operably engages an axial
segment of fiber assembly 200, and applies an axial force
to cause fiber assembly 200 to move forward and back
within shaft 110. Translating assembly 610 can be con-
figured to create a reciprocating motion between 5mm
and 100mm, such as between 10mm and 40mm, such
as a reciprocating translation of approximately 25mm in
each direction. In some embodiments, the magnitude of
reciprocating motion is constructed and arranged to col-
lect temperature information from a sufficient length of
the esophagus during a cardiac ablation procedure. Fiber
assembly 200 can comprise service loop 203, which
comprises at least a flexible portion and is positioned and
arranged to accommodate the translating motion without
detaching from or otherwise imparting an undesired force
to rotating assembly 660 and/or sensor assembly 500
(e.g. to accommodate the translating motion of fiber as-
sembly 200). In some embodiments, translating assem-
bly 610 includes one or more linear encoders or other
position sensors constructed and arranged to produce a
signal correlating to a linear position of fiber assembly
200. In some embodiments, translating assembly 610 is
constructed and arranged as described in reference to
Fig. 6 herebelow.
[0092] Rotating assembly 660 operably engages an-
other axial segment of fiber assembly 200, and applies
a rotational force to cause fiber assembly 200 and col-
lector 220 to rotate, such as a continuous 360° rotation
or a partial circumferential rotation (e.g. 45° to 320° re-
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ciprocating rotation). In an alternative embodiment, ro-
tating assembly 660 is positioned distal to collector 220,
distal position not shown but typically comprising a rotary
motor positioned proximate distal end 212 and operably
coupled to collector 220 such that at least a portion of
collector 220 can be rotated without rotating fiber 210.
[0093] In some embodiments, rotating assembly 660
includes one or more rotary encoders or other position
sensors constructed and arranged to produce a signal
correlating to a rotational position of collector 220 and/or
fiber assembly 200. In some embodiments, rotating as-
sembly 660 is constructed and arranged as described in
reference to Fig. 5A herebelow.
[0094] In some embodiments, rotating assembly 660
and/or sensor assembly 500, are positioned on or other-
wise coupled to translating assembly 610, such that ro-
tating assembly 660 and/or sensor assembly 500 trans-
late along with fiber assembly 200. In these embodi-
ments, service loop 203 can be avoided, such as to re-
duce the length of fiber assembly 200 and/or to reduce
or eliminate any signal losses that occur during the flexing
of service loop 203.
[0095] In some embodiments, translation and rotation
occur simultaneously, such that the infrared light collect-
ed by collector 220 represents light collected from a hel-
ical pattern of collection locations. In other embodiments,
a rotation (e.g. a 360° rotation of collector 220), is se-
quentially followed by a translation (e.g. an advancement
or a retraction of collector 220), and the rotation-transla-
tion is repeated such that the infrared light collected rep-
resents a series of collection locations with a geometry
comprising multiple two dimensional, parallel circles.
[0096] The information provided by sensor assembly
500 is used by SPU 400 to produce a table of collection
location measured temperatures, which represent an es-
timated, averaged temperature for the collection location,
as described above. The table provided by SPU 400 can
be represented (e.g. by user interface 300) in the form
of a temperature map correlating to the geometry of the
multiple collection locations. In some embodiments, the
multiple collection locations comprise a segment of tu-
bular tissue, such as a segment of esophagus, and the
temperature map is a two dimensional representation of
the "unfolded" luminal wall or other body tissue. In other
embodiments, a three dimensional representation of the
luminal wall or other body tissue can be provided. The
table or other representation can be updated on a regular
basis, such as via data collected during a series of recip-
rocating translations in which collector 220 is continuous-
ly or semi-continuously rotated.
[0097] In some embodiments, a single forward or re-
verse translation over approximately 25mm occurs over
a time period of between 0.1 seconds and 30 seconds,
such as a time period between 0.2 seconds and 5.0 sec-
onds, such as a time period between 0.5 seconds and
2.0 seconds, such as a time period of approximately 1.0
second. During the forward or reverse translation, col-
lector 220 can be rotated, such as at a rotational velocity

between 1000 rpm and 15000 rpm, or between 4000 rpm
and 8000 rpm, such as approximately 7260 rpm. In some
embodiments, a forward or reverse translation is sepa-
rated by a reverse or forward translation, respectively,
after a period of time. In other embodiments, a forward
or reverse translation is initiated relatively immediately
after the completion of the previous reverse or forward
translation, respectively.
[0098] Sensor assembly 500 comprises one or more
sensors configured to produce a signal based on the in-
frared light received from fiber assembly 200. As de-
scribed above, the received infrared light can represent
transmission of infrared light collected from a series of
collection locations, as determined by translation and/or
rotation of collector 220. SPU 400 can be configured to
correlate the signals produced by sensor assembly 500
into a table of temperature values associated with a se-
ries of collection locations. Sensor assembly 500 can
comprise a finite response time (e.g. a delay of output
signal availability of one or more electronic components),
during which a signal produced by sensor assembly 500,
based on received infrared light, is unavailable (e.g. not
accurate). In these embodiments, SPU 400 can be con-
figured to discretely sample sensor assembly 500 to ac-
commodate for any signal availability delay.
[0099] Sensor assembly 500 can include IR detector
510 such as an element selected from the group consist-
ing of: a photoconductor such as a mercury cadmium
telluride photodetector or a mercury zinc telluride photo-
detector; a microbolometer; a pyroelectric detector such
as a lithium tantalite detector or triclycine sulfate detector;
a thermopile; and combinations of these. In some em-
bodiments, detector 510 comprises a response time less
than 200 milliseconds, such as less than 1 millisecond.
[0100] Sensor assembly 500 or another assembly of
system 10 can include an optical assembly 520 compris-
ing one or more optical components constructed and ar-
ranged to focus infrared light received from fiber assem-
bly 200 onto IR detector 510. In some embodiments, op-
tical assembly 520 is configured as described in refer-
ence to Fig. 7 herebelow.
[0101] IR detector 510 can be configured to convert
the received infrared light into an electrical signal, such
as a voltage and/or current signal correlating to the re-
ceived infrared light. In some embodiments, IR detector
510 produces a differential signal, such as a voltage or
current that correlates to a change in infrared light re-
ceived, such as an infrared sensor manufactured by In-
frared Associates of Stuart Florida, such as a sensor sim-
ilar to Infrared Associates model number MCT-
12-0.25SC. IR detector 510 can be configured with a
broad spectral response and a high efficiency for con-
verting infrared light into the electrical signal. In some
embodiments, the sensitivity or other performance char-
acteristic of IR detector 510 is related to the area of de-
tector 510.
[0102] Sensor assembly 500 can comprise a cooling
assembly, not shown but such as a liquid nitrogen filled
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dewar, a thermoelectric cooler, a Stirling cycle cooler, or
another refrigeration and/or cooling assembly construct-
ed and arranged to maintain one or more components
of sensor assembly 500 at a temperature below room
temperature, such as to improve the sensitivity, accura-
cy, noise characteristics or response time of sensor as-
sembly 500.
[0103] SPU 400 receives electrical or other signals
from sensor assembly 500 via a single or multi-conductor
cable, conductor 401. Alternatively or additionally, SPU
400 can receive electrical or other signals from sensor
assembly 500 via wireless communication means such
as Bluetooth. SPU 400 includes mechanical compo-
nents, electrical components (e.g. one or more micro-
processors; memory storage devices; analog circuitry
such as analog filters or amplifiers; digital circuitry such
as digital logic; and the like) and/or software (e.g. soft-
ware including one or more signal processing algorithms,
software configured to drive user interface 300, and the
like) sufficient to perform one or more signal processing
tasks on the signals received from sensor assembly 500.
[0104] SPU 400 can be configured to produce a video
signal which is transmitted to user interface 300 via a
single or multiple conductor cable, conductor 402. Alter-
natively or additionally, SPU 400 can transmit a video
signal to user interface 300 via wireless communication
means such as Bluetooth.
[0105] User interface 300 includes monitor 310 which
can comprise at least one touch-screen or other visual
display monitor. User interface 300 can include input de-
vice 320, which can include a component configured to
allow an operator of system 10 to enter commands or
other information into system 10, such as an input device
selected from the group consisting of: monitor 310 such
as when monitor 310 is a touch screen monitor; a key-
board; a mouse; a joystick; and combinations of these.
[0106] In some embodiments, command signals pro-
vided by user interface 300, such as via input device 320,
can be transmitted to SPU 400 via conductor 402. The
command signals can be used to command and/or con-
figure (e.g. calibrate) SPU 400, sensor assembly 500
(e.g. via conductor 401). In some embodiments, the com-
mand signals from user interface 300 are received by
SPU 400 and transmitted to motion transfer assembly
600 via a single or multiple conductor cable, conductor
403. In these embodiments, one or more rotation and/or
translation parameters can be adjusted by an operator
of system 10, such as a parameter selected from the
group consisting of: translation travel (e.g. axial dis-
tance); translation speed; rotational travel (e.g. portion
of circumferential travel such as 360° or less than 360°);
rotational speed; scanning pattern geometry; position or
range of positions of collector 220 within window 115;
and combinations of these.
[0107] As described above, SPU 400 can create a ta-
ble of values correlating measured temperatures to one
or more collection locations proximate window 115 of
probe 100. The tabularized information can be represent-

ed in alphanumeric form on monitor 310 of user interface
300. Alternatively or additionally, the tabularized infor-
mation can be represented in the form of a graphical tem-
perature map correlating the series of tissue locations to
a two-dimensional representation of the cumulative tis-
sue location geometry. The graphical temperature map
can correlate colors, hues, contrast and/or other graph-
ical parameters to represent an array of temperatures.
In some embodiments, the correlation between the tem-
perature and the visualizable parameter is adjustable by
an operator of the system, such as a temperature map
including a range of colors wherein the color correlation
can be adjusted (e.g. a threshold is adjusted to set a
particular temperature to a color). In addition to displaying
a temperature map, additional temperature information
can be provided by SPU 400 and user interface 300, such
as numeric values for peak temperature or an average
temperature of the entire set of collection locations or for
two or more subsets of collection locations such as op-
erator definable subsets of collection locations.
[0108] SPU 400 can include one or more algorithms
(e.g. programs stored in memory of SPU 400) used to
process (e.g. mathematically process) the signals re-
ceived from sensor assembly 500 or further process an
already processed signal. In some embodiments, an al-
gorithm is included to perform a function selected from
the group consisting of: averaging one or more values
such as temperature values; finding the peak value of
one or more temperature values; comparing peak values
of one or more tissue areas; rate of change of tissue
temperature; rate of rate of change of tissue temperature;
determining an outlier value; and combinations of these.
In some embodiments, an algorithm is included to deter-
mine an area of tissue whose average temperature is
higher than other areas measured.
[0109] In some embodiments, shaft 110 includes one
or more functional elements, such as proximal band 125a
and distal band 125b (generally band 125), which can be
placed over and/or adjacent to the proximal and distal
ends of window 115. Bands 125 can comprise a material
selected from the group consisting of: a thermally con-
ductive material; aluminum, titanium, gold, copper, steel;
and combinations of these. Bands 125 can be construct-
ed and arranged such that when collector 220 is posi-
tioned within a band 125 (e.g. collects infrared light trans-
mitted from band 125), a signal is received by sensor
assembly 500 comprising a pre-determined or otherwise
separately measurable signal, such as a pre-determined
pattern of infrared reflectance or emissivity, or a meas-
urable temperature.
[0110] In some embodiments, one or more bands 125
comprise one or more temperature sensors, such as a
thermocouple or a thermistor, not shown but such as tem-
perature sensor 121 of Fig. 2 herebelow and connected
to one or more electrical wires or other information trans-
fer conduits which transmit the temperature sensor infor-
mation to sensor assembly 500 and/or SPU 400. In these
embodiments, the temperature reading received from a
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band 125 can be correlated to the infrared light collected
at that location by collector 220, such as to perform a
calibration procedure of system 10. In some embodi-
ments, a calibration procedure is performed at least once
for each set of forward and back reciprocating transla-
tions (e.g. when collector 220 is within proximal band
125a or within distal band 125b). In other embodiments,
a calibration procedure is performed at least twice for
each set of forward and back reciprocating translations
(e.g. when collector 220 is within proximal band 125a
and when collector 220 is within distal band 125b).
[0111] One or more bands 125 or another component
of probe 100 can be configured as a visualization marker,
such as a marker selected from the group consisting of:
a radiopaque marker such as a radiopaque marker band;
an ultrasonically reflective marker; a visible light marker;
a magnetic marker; and combinations of these. Bands
125 or other visualization markers of probe 100 can be
used by a clinician to advance, retract, rotate or otherwise
position probe 100 in relation to a body structure such
as placement using fluoroscopy or ultrasound to position
window 115 proximate the heart when probe 100 is
placed into the esophagus (as described in reference to
Fig. 2 herebelow).
[0112] In some embodiments, probe 100 comprises an
functional element constructed and arranged to position
a distal portion of probe 100 (e.g. window 115) relative
to tissue, such as positioning element 118, shown in a
deployed, radially expanded state in Fig. 1. Positioning
element 118 can be constructed and arranged to be ra-
dially expanded and/or radially contracted. In some em-
bodiments, positioning element 118 is constructed and
arranged to position probe 100 in a body lumen, such as
a balloon, an expandable cage, an expandable stent,
and/or radially deployable arms constructed and ar-
ranged to center window 115 in a body lumen, such as
the esophagus. Positioning element 118 can be con-
structed and arranged to position one or more portions
of probe 100 towards and/or away from tissue. In some
embodiments, probe 100 and/or positioning element 118
is constructed and arranged as described in applicant’s
co-pending International Patent Application Serial
Number PCT/US2011/061802, entitled "Ablation and
Temperature Measurement Devices", filed November
22, 2011, the contents of which is incorporated by refer-
ence in its entirety.
[0113] Referring now to Fig. 2, the distal end of the
temperature measurement probe of Fig. 1 is illustrated,
positioned in an esophagus and positioned near a heart
chamber, consistent with the present inventive concepts.
Probe 100 can be attached to one or more assemblies
of system 10 described in reference to Fig. 1. Probe 100
includes shaft 110 and fiber assembly 200 including fiber
210 and an optical assembly comprising collector 220.
Shaft 110 includes window 115 comprising one or more
materials with high transmissivity to the desired wave-
lengths of infrared light. Positioned at each end of window
115 are proximal band 125a and distal band 125b (gen-

erally 125). Bands 125 can include one or more temper-
ature sensors, such as one or more thermocouples, ther-
misters, or other temperature sensors. In the illustrated
embodiment, thermocouple 121 is positioned on band
125a and is configured to measure temperature informa-
tion of band 125a proximate one or more tissue T loca-
tions. Bands 125 can be positioned within a wall of shaft
110; on an outer surface of shaft 110 such as around an
outer circumference of shaft 110, and/or on an inner sur-
face of shaft 110 such as around an inner circumference
of shaft 110. Bands 125 can comprise an infrared-opaque
material and/or a material with a known emissivity, such
that fiber assembly 200 records the infrared temperature
information of bands 125 when infrared light emitted from
a band 125 is received by collector 220. Bands 125 can
comprise a radiopaque material such that bands 125 are
visible to a visualization instrument so as to position distal
end 112 of shaft 110, for example at a location within the
esophagus most proximate a patient’s heart. Examples
of visualization instruments include: an MRI; a CT scan-
ner; a fluoroscope or other x-ray instrument; and combi-
nations of these.
[0114] Thermocouple 121 records temperature infor-
mation, such as temperature dependent voltage informa-
tion received by sensor assembly 500 and/or a signal
processor, such as signal processor 400 of Fig. 1, via
conduit 122, comprising one or more wires or other signal
carrying conduits. Thermocouple 121 can be positioned
within band 125a; on an outer surface of band 125a; on
an inner surface of band 125a; and/or within a lumen of
shaft 110. In some embodiments, thermocouple 121 is
positioned within a lumen of shaft 110, and band 125a
is positioned on an outer surface of shaft 110 such that
band 125a surrounds shaft 110 and thermocouple 121.
[0115] In some embodiments, probe 100 can be used
to monitor the temperature of the surface of the esopha-
gus, such as during a clinical procedure where thermal
application therapies (e.g. those using ablative heat or
cold) are applied to the posterior wall of the heart. In some
embodiments, probe 100 is inserted into the esophagus
over a guidewire (e.g. over-the-wire insertion into a body
lumen) and the guidewire is removed or partially with-
drawn prior to performing one or more temperature
measurements, such as to remove the guidewire from
proximity to window 115. Thermal application therapies
can include ablation therapies, such as RF ablation ther-
apies performed using an ablation catheter, such as ab-
lation catheter 20 comprising tip electrode 21. Thermal
application therapies can also include but are not limited
to therapies selected from the group consisting of: mul-
tiple electrode RF treatment; cryogenic treatment; laser
energy treatment; ultrasound energy treatment; and
combinations of these. In the embodiment of Fig. 2, probe
100 is shown positioned such that optical viewing window
115 (the space between bands 125) is relatively centered
with respect to electrode 21 of ablation catheter 20.
Bands 125 can be visualizable such as to aid in position-
ing probe 100 in such a manner, for example under fluor-
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oscopy when bands 125 comprise at least a radiopaque
portion.
[0116] Referring now to Fig. 2A, a magnified section-
al side view of the distal portion of the temperature meas-
urement probe of Fig. 2 is illustrated, including an infrared
light collector and consistent with the present inventive
concepts. Probe 100 includes fiber assembly 200. Fiber
assembly 200 includes fiber 210 and an optical assembly
configured to collect infrared light, collector 220 posi-
tioned distal to fiber 210 as shown. Infrared light collected
by collector 220 is focused onto distal face 214 of fiber
210. Fiber assembly 200 is configured to be rotated
and/or translated within shaft 110, such as by rotating
assembly 660 and/or translating assembly 610 described
in reference to Fig. 1 hereabove. Optical fiber 210 can
comprise a core diameter of between 6 and 1000 mi-
crons, such as a fiber with a diameter between 200 mi-
crons and 400 microns. Fiber 210 material can include
a material configured to optimally transmit (e.g. provide
minimal impedance to) infrared light in the 6-15 micron
wavelength range, for example in the 8-11 micron wave-
length range. In some embodiments, fiber 210 comprises
a polycrystalline material such silver halide or one or
more other materials with high transmissivity to a desired
range of wavelengths of infrared light, such as a material
selected from the group consisting of: zinc selenide; ger-
manium; germanium oxide; chalcongenide; a hollow core
material; and combinations of these. Optical fiber 210
can include a cladding layer which can be constructed
and arranged to cause and/or maintain total internal re-
flection in the core of fiber 210 to ensure efficient trans-
mission of the collected infrared light from the distal to
proximal end of fiber 210. In some embodiments, fiber
210 does not include a cladding layer, instead an air en-
velope is positioned around the fiber to cause and/or
maintain total internal reflection.
[0117] Fiber assembly 200 further includes sleeve 206,
flange 207, torque shaft 205, and optical element 230.
Sleeve 206, which surrounds the majority of the length
of optical fiber 210, can be configured to protect optical
fiber 210, for example by preventing direct contact be-
tween fiber 210 and torque shaft 205. Sleeve 206 can
include infrared-opaque polymer tubing which can be
configured to be non-reactive with fiber 210, for example
when fiber 210 comprises a polycrystalline material.
Probe 100 can include one or more components which
contact fiber 210. These components can comprise a
material configured to avoid damaging fiber 210, such
as titanium, ceramic and/or polymer based components
chosen to be non-reactive with a polycrystalline-based
fiber 210. In some embodiments, another component of
probe 100 can be polycrystalline-based, such as optical
element 230, where its contacting components comprise
a non-reactive material such as titanium, ceramic and/or
a polymer.
[0118] In the embodiment of Fig. 2A, torque shaft 205
surrounds sleeve 206, flange 207 and optical fiber 210
along the length of fiber 210. Torque shaft 205 is config-

ured to transmit rotational and translational forces from
rotating and translating assemblies 660 and 610 respec-
tively, from the proximal portion of fiber assembly 200,
to collector 220 at the distal end of fiber assembly 200,
such that fiber assembly 200, including collector 220 ro-
tates and/or translates within shaft 110 as described
herein. In some embodiments, torque shaft 205 compris-
es multiple wires or other filaments such as stainless steel
or titanium wires. Shaft 205 can comprise multiple braid-
ed wires and/or multiple layers of wires wound in one or
more directions (e.g. wound in opposite directions in two
or more alternating layers). In some embodiments, up to
16 wires (e.g. 4 to 12 wires) are included in one or more
layers of shaft 205.
[0119] Collector 220 can comprise structural and me-
chanical elements fabricated from a ceramic or titanium
material, such as to prevent degradation of any polycrys-
talline-based components of collector 220, fiber 210
and/or another component of fiber assembly 200. Col-
lector 220 includes proximal portion 222, including an
opening, window 224. Collector 220 further includes dis-
tal portion 223, which includes an opening, window 229.
Collector 220 includes a housing, housing 221 as shown.
Torque shaft 205 and optical fiber 210 are attached to
collector 220 at proximal portion 222. Flange 207 can
surround the distal portion of fiber 210 and can include
similar or dissimilar materials as sleeve 206. Flange 207
can be configured to geometrically center optical fiber
210 within window 224. In some embodiments, sleeve
206 and flange 207 can comprise a single component.
A mid portion of collector 220 can include a gap, optical
separation window 225, positioned between distal face
214 of fiber 210 and the opposing face of optical element
230. Optical separation window 225 facilitates focusing
of infrared light from optical element 230 onto distal face
214 of optical fiber 210, as described in reference to Fig.
2B herebelow. Distal portion 223 of collector 220 houses
optical element 230. Optical element 230 is surrounded
by housing 226. Housing 226 can include a material sim-
ilar or dissimilar to sleeve 206 and/or flange 207. Housing
226 comprises an opening, window 228, and can further
comprise cap 227 configured to secure optical element
230 within housing 226, as well as rotationally align op-
tical element 230 such as to be oriented towards window
228. Alternatively, optical element 230 can be fixed di-
rectly to distal portion 223 avoiding the need for housing
226.
[0120] Optical element 230 can include one or more
components selected from the group consisting of: a
lens; a mirror; a prism; and combinations of these. Optical
element 230 can include similar or dissimilar materials
to optical fiber 210. Optical element 230 can include one
or more materials, such as a material configured to trans-
mit (e.g. be relatively transparent to) infrared light and/or
a material configured to reflect infrared light. In some
embodiments, optical element 230 comprises an infrared
transparent material attached to an infrared reflected ma-
terial, such as is described in reference to optical element
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230 of Fig. 2B herebelow.
[0121] Referring additionally to Fig. 2B, a perspec-
tive view of a segment of probe 100 of Fig. 2A is illustrat-
ed, including the pathway of collected infrared light and
consistent with the present inventive concepts, In Fig.
2B, fiber 210 and optical assembly 250, including optical
element 230, are shown, with other components of probe
100 removed for illustrative clarity. Optical element 230
includes planar surface 231, angled surface 232, and
convex surface 233. In some embodiments, planar sur-
face 231 can comprise a convex or concave geometry.
Probe 100 is configured to collect and focus IR light 40
emanating from a surface of tissue area, tissue area TA,
onto distal face 214 of optical fiber 210. First optical sep-
aration distance OS1 comprises the distance between
tissue area TA and planar surface 231 of optical element
230. Second optical separation distance OS2 comprises
the distance between distal face 214 of optical fiber 210
and convex surface 233 of optical element 230. Distance
OS2 is determined based on the focusing requirements
of optical element 230 and desired optical resolution of
optical assembly 250, and is maintained by the geometry
of collector 220 (e.g. the geometry of window 225 shown
in Fig. 2A).
[0122] In the embodiments of Figs. 2B, 3 and 4, fiber
210 and optical element 230 are constructed and ar-
ranged to define an optical assembly 250. In some em-
bodiments, IR light 40 collected by optical assembly 250
from tissue area TA represents the infrared light collected
from the conical projection of optical element 230 from
planar surface 231 onto the surface of tissue area TA.
IR light 40 collected from tissue area TA that is within the
conical projection travels distance OS1 towards planar
surface 231 of optical element 230. In other embodi-
ments, a collimated or nearly collimated projection, a pro-
jection with a long beam-waist, and/or other geometric
projection represents the collected infrared light. IR light
40 travels through optical element 230 towards angled
surface 232, and is then reflected towards surface 233.
IR light 40 is then focused by surface 233 onto the distal
face 214 of optical fiber 210. Planar surface 231 can com-
prise a flat, convex, concave, curved, and/or an irregu-
larly shaped surface configured to collect IR light 40 emit-
ted from a surface of tissue area. Planar surface 231 can
include a polished surface and/or it can include an anti-
reflective coating as described above in reference to Fig.
1.
[0123] IR light 40 emitted from tissue area TA is col-
lected by optical element 230 at surface 231, and travels
through optical element 230 towards angled surface 232.
Angled surface 232 can include a 45° angle, and can be
coated, for example with a reflective coating such as a
protected aluminum (PAL) or gold coating. Angled sur-
face 232 can be configured to reflect IR light 40 perpen-
dicularly towards convex surface 233 of optical element
230. In some embodiments, angled surface 232 can com-
prise an angle greater than or less than 45°, such as to
meet optical requirements of optical assembly 250.

[0124] Infrared light reflected from angled surface 232
is reflected toward convex surface 233. Convex surface
233 is configured to focus IR light 40 onto the distal face
214 of optical fiber 210. Surface 233 can be coated with
an anti-reflective coating, such as an anti-reflective coat-
ing similar or dissimilar to the anti-reflective coating of
planar surface 231. In some embodiments, surface 231
can be flat, concave or include an irregularly shaped sur-
face, such as to meet the optical requirements of optical
assembly 250.
[0125] Optical assembly 250 comprises a numerical
aperture comprising the range of angles over which in-
frared light is collected from a surface. Optical assembly
250’s numerical aperture (NA) is the sine of, and there-
fore describes, the angle of the steepest light ray entering
optical assembly 250 from tissue area TA and passing
through fiber distal end 212. Since the NA is defined as
the sine of this angle, the angle of the steepest ray in-
creases as numerical aperture increases. The amount
of IR light 40 collected from a particular point within a
tissue area increases as the numerical aperture of optical
assembly 250 increases. Generally, as the amount of IR
light 40 collected increases (e.g. a higher NA), optical
assembly 250 signal to noise ratio improves. Fiber 210
comprises an inherent maximum acceptance numerical
aperture determined by the material of the core and clad-
ding of fiber 210, specifically the index of refraction of
these materials. IR light 40 entering fiber 210 at angles
greater than the fiber 210’s maximum numerical aperture
will not be transmitted by fiber 210 to the sensor assembly
500. In some embodiments, fiber 210 comprises a max-
imum numerical aperture of 0.28 and a core diameter of
400 microns. In these embodiments, optical assembly
250 outputs a numerical aperture ranging from 0 to 0.28,
for example, 0.11 to 0.14, thereby underfilling the maxi-
mum numerical aperture of the fiber.
[0126] An average temperature can be calculated for
the tissue area TA based on the amount of IR light 40
which has been collected. In applications where this av-
erage temperature is to be displayed, or otherwise pre-
sented as a temperature versus two-dimensional loca-
tion map (i.e. a map of multiple tissue locations), the area
of each conical projection of optical assembly 250 is used
to create this map and must be known or otherwise es-
timated. In some embodiments, distance OS1 to each
measured tissue area TA can have minimal variance,
and in other embodiments distance OS1 to each meas-
ured tissue area TA can have larger fluctuations. Provid-
ed herebelow in Fig. 3, optical assembly 250a is con-
structed and arranged to have a minimal depth of field,
but higher optical assembly 250a Numerical Aperture
and higher optical resolution for applications where the
tissue surface distances are relatively uniform. Provided
herebelow in Fig. 4, optical assembly 250b is constructed
and arranged to have an extended depth of field, which
correlates to a lower optical assembly 250b Numerical
Aperture and lower optical resolution, such as for appli-
cations where the tissue surface distances are less uni-
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form (greater variation in distances such as due to a non-
uniform tissue surface).
[0127] Referring now to Fig. 3, an optical schematic
of a "close-optimized" optical system is illustrated, includ-
ing cross sectional representations of tissue surface ar-
eas and consistent with the present inventive concepts.
The close-optimized optical assembly 250a is optimized
to have a higher optical assembly 250a Numerical Aper-
ture and higher optical resolution resulting in a smaller
depth of field. These close-optimized embodiments are
useful when the multiple tissue surface locations to be
measured are known or likely to be within a limited range
of distances from central axis A of optical element 230a.
This optimization can be used to improve the accuracy
and spatial resolution (e.g. pixel resolution) of a map of
temperature versus tissue location, as is described in
detail in reference to Fig. 1.
[0128] Optical assembly 250a, including optical ele-
ment 230a, is constructed and arranged to have a small
focal length near optical element 230a and/or a window
surrounding optical element 230a as has been described
hereabove. This short focal length results in a relatively
short depth of field. In some embodiments, the focal
length (e.g. a distance measured from the center axis of
optical element 230a) can range from 1 to 10mm, such
as from 1mm to 5mm, such as approximately 3.2mm and
the associated tissue area from which infrared light is
collected can range from 0.5mm2 to 1.5mm2. In visible
light cameras, depth of field correlates to a range of dis-
tances in which a produced image appears acceptably
sharp. In the temperature measurement systems and de-
vices of the present invention, depth of field correlates
to a range of distances around, before or beyond the
focal length in which the tissue area from which infrared
light collected is within an acceptable range of cross sec-
tional areas, such as a range selected to meet a useful
and acceptable spatial resolution criteria for temperature
data collection. Depth of field varies depending on optical
component 230a configuration, the numerical aperture
of fiber 210, and distance OS2. In some embodiments,
the depth of field can range from 0.1 to 15.0mm, such as
from 0.1mm to 1.0mm, such as a depth of field of approx-
imately 0.5mm around or beyond the optimal focal length.
Optical element 230a focuses the collected infrared light
40 onto distal face 214 of optical fiber 210, such that the
collected light can travel proximally to one or more sensor
devices as described herein.
[0129] In some applications, tissue is positioned on or
near the outer surface of an infrared transparent tube
surrounding optical element 230a, such as window 115
of Fig. 1. Tissue in close proximity to the surrounding
tube is often encountered in applications where the cath-
eter is inserted into a body lumen having a diameter
smaller than or relatively equivalent to that of the tube,
for example when the body lumen includes a colon; ure-
thra; and combinations of these. In some embodiments,
the body lumen can include the esophagus, for example
when the system is used to monitor the temperature of

the esophagus during cardiac ablation. The properties
of the mammalian esophagus are such that the esopha-
geal wall can collapse around the tube. In these embod-
iments, the focal length can be chosen to approximate
the orthogonal distance between the central axis of op-
tical element 230a and the outer surface of the surround-
ing tube, and the depth of field can be chosen to be small.
[0130] In optical assembly 250a, optical element 230a
is configured, and optical separation distance (OS2) is
selected, such that the focal length of optical assembly
250a is a distance X1 from the center axis A of optical
element 230a. At the focal length X1 of optical assembly
250a, a cross sectional view of area TA1 is shown and
includes diameter Y1. Diameter Y2 of area TA2 is deter-
mined by the cone of infrared light collected from tissue
at distance X2 as shown, such that area TA2 is signifi-
cantly larger than area TA1. Optical assembly 250a can
comprise spatial resolution criteria (e.g. spatial accuracy
criteria) that defines a corresponding depth of field cen-
tered about focal length X1. In some embodiments, dis-
tance X2 is within the focal length of optical assembly
250a, such that tissue positioned at distances between
X1 and X2 are accurately measured. In other embodi-
ments, distance X2 is outside the depth of field, and ac-
curate temperature measurements must be performed
within the appropriate depth of field (i.e. at a threshold
distance less than X2). In the embodiment of Fig. 3, tissue
locations within optical assembly 250’s resolution-based
depth of field can have a cross sectional area approxi-
mately equal to area TA1, such as an area within
0.01mm2 of the area of TA1. For tissue locations posi-
tioned outside the depth of field, such as area TA2, as
shown, the cross sectional area is larger than area TA1,
such as comprising an area more than 1mm2 greater
than the area of TA1. In one embodiment of optical as-
sembly 250a, fiber optic 210 has approximately a 400mm
diameter core; distance OS2 comprises a length of ap-
proximately 4.5mm; optical element 230a is fabricated
of zinc selenide; and lens surface 233a has a convex
radius of approximately 3mm. In this particular embodi-
ment, focal length X1 is approximately equal to 3.5mm,
and TA1 has a diameter Y1 of approximately 0.4mm (e.g.
area TA1 is approximately 0.13mm2). Optical assembly
250a can include spatial resolution criteria such that an
acceptable depth of field includes tissue positioned at
distances out to 7.5mm (i.e. tissue areas with a diameter
greater than 1mm). Alternatively, optical assembly 250a
can include spatial resolution criteria such that an ac-
ceptable depth of field includes tissue areas with a diam-
eter of approximately 1mm (i.e. a depth of field that does
not include tissue positioned at distance X2).
[0131] As described above, the close-optimized optical
assembly 250a can be constructed and arranged to pro-
vide accurate temperature measurements for tissue ar-
eas at a relatively fixed distance from central axis A. Op-
tical assembly 250a can include spatial resolution criteria
(e.g. spatial accuracy criteria) that determines an accept-
able depth of field from its focal length X1. Optical as-
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sembly 250a can be utilized if tissue to be measured
would be primarily positioned near (e.g. close to or in
contact with luminal wall tissue) the outer surface of an
infrared transparent tube surrounding optical element
230a, such as window 115 of Fig. 1. Maximal resolution
is achieved at tissue surfaces positioned at these close
distances. Tissue positioned at greater distances, result
in lower spatial accuracy.
[0132] Referring now to Fig. 4, an optical schematic
of a "range-optimized" optical system is illustrated, in-
cluding cross sectional representations of tissue surface
areas and consistent with the present inventive concepts.
The range-optimized optical assembly 250b is optimized
to provide accurate temperature measurements for tis-
sue surfaces positioned at greater distances and/or
greater variation in distances (e.g. from central axis A)
than the close-optimized optical assembly 250a of Fig.
3. For example, optical assembly 250b can be construct-
ed and arranged to provide a consistent resolution over
a larger depth of field and/or provide a more accurate
resolution at greater distances from the system’s focal
length. Optical assembly 250b can be selected for use
when the multiple tissue surface locations to be meas-
ured are known or likely to be within a wider range of
distances from central axis A of optical element 230b.
This optimization can be used to improve the accuracy
of a map of temperature versus tissue location, as is de-
scribed in detail in reference to Fig. 1. The trade-off for
the range-optimized optical assembly 250b of Fig. 4 is
that the minimum temperature measurement area is not
as small as that in the close-optimized optical assembly
250a of Fig. 3. In other words, optical assembly 250b
results in a reduction in spatial resolution at the focal
length, however its spatial resolution is reasonably con-
sistent over a much larger range of distances from the
focal length.
[0133] Optical assembly 250b including optical ele-
ment 230b is constructed and arranged to have a focal
length X3 and a relatively long depth of field. In some
embodiments, the depth of field can range from 1.5mm
and 10mm, such as a depth of field of approximately
7mm. Optical element 230b focuses the collected infra-
red light 40 onto distal face 214 of optical fiber 210, such
that the collected light can travel proximally to one or
more sensor devices as described herein.
[0134] In some applications, tissue is positioned away
from, both close and away from and/or at unknown dis-
tances from an infrared transparent tube surrounding op-
tical element 230b, such as window 115 of Fig. 1. Tissue
positioned away and/or at varying distances from the sur-
rounding tube can be encountered in larger body lumens
such as the esophagus or the stomach. When positioned
in a body lumen such as the esophagus, one or more
distances between the tissue and the surrounding tube
can be unknown. For these various applications, the focal
length can be chosen to approximate the natural or re-
laxed radius of the body lumen, while the depth of field
can be chosen to approximate the variation in the radius

of the body lumen or variation in the position of the device
within the body lumen (e.g. positioned in contact with a
circumferential segment of a luminal wall while at a rel-
atively large distance from an apposing circumferential
segment of the wall). In some embodiments, the body
lumen can include the esophagus, for example when the
system is used to monitor the temperature of the esopha-
gus during cardiac ablation and when the esophageal
wall is assumed to be within a range of distance from the
surrounding tube. For example, when positioned against
one circumferential segment of the esophageal wall (e.g.
0 mm from the surrounding tube or approximately 1.5mm
from center axis A of optical element 230b), the apposing
segment of the esophageal wall can be from 0mm to
10mm from the surrounding tube. In these embodiments,
the optimal focal length can be chosen to approximate
half the distance between the outer surface of the sur-
rounding tube and the greatest assumed distance to the
tissue surface (e.g. a focal length between 0mm to
10mm). The depth of field can be configured to approx-
imate the range of distances assumed or expected to be
encountered during the performance of a temperature
measurement.
[0135] In optical assembly 250b, optical element 230b
is configured, and optical separation distance OS2 is se-
lected such that the focal length of optical assembly 250b
is a distance X3 from the center axis A, of the optical
element 230b. At the focal length X3 of optical assembly
250b, the diameter of tissue area TA3 is represented by
diameter Y3. In some embodiments distance X3 (i.e. the
focal length) can range from 4mm to 10mm, such as ap-
proximately 7mm, and the diameter Y3 of tissue area
TA3 can range from 0.5mm2 to 1.5mm2. A cross sectional
view of the tissue area at a distance X4, area TA4, is
shown in Fig. 4. Tissue locations within the depth of field
of the optical assembly 250b have a cross sectional area
approximately equal to area TA3, such as an area within
0.2 mm2, within 0.1 mm2, or within 0.01mm2 of the area
of TA3. Optical assembly 250b has a long depth of field,
such that tissue locations positioned an appropriate dis-
tance away from the focal length (as determined by op-
tical assembly 250b’s spatial resolution criteria), such as
distance X4 as shown (or at a distance nearer to a sur-
rounding tube, not shown), comprises a cross sectional
area approximately equal to area TA3, such as compris-
ing an area within 0.2mm2 of the area of TA3.
[0136] In one embodiment of optical assembly 250b,
fiber optic 210 comprises an approximately 400mm di-
ameter core; distance OS2 comprises a length of approx-
imately 4.2mm; optical element 230b is comprised of zinc
sefenide; and lens surface 233b has a convex radius of
approximately 4mm. In this particular embodiment, the
focal length X3 would be approximately equal to 7.5mm,
and TA3 would have a diameter Y3 of approximately
1.0mm (i.e. area TA3 comprises an area of approximately
0.79mm2). Optical assembly 250b can include spatial
resolution criteria such that an acceptable depth of field
includes tissue positioned within a maximum distance on
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either side of focal length X3, such as within 4mm on
either side of focal length of focal length X3 (e.g. a depth
of field of 8mm). The range-optimized embodiment of
Fig. 4 can be selected if it was expected that the tissue
to be measured might be positioned over a wide range
of distances between the tissue and optical element
230b.
[0137] Referring now to Figs. 5A and 5B, a perspec-
tive view and a perspective partial cross sectional view,
respectively, of a sensor assembly and a rotating assem-
bly is illustrated, consistent with the present inventive
concepts. Rotating assembly 660 is operably connected
to fiber assembly 200, such as has been described in
detail with in reference to Fig. 1 hereabove.
[0138] Rotating assembly 660 includes motor 665
which is configured to rotate fiber assembly 200. Rotating
assembly 660 can rotate fiber assembly 200 at a speed
ranging from 1000rpm to 15000rpm, such as a speed
between 4000 and 8000rpm, such as a speed of approx-
imately 7260rpm. Each rotation can include a full 360°
rotation or a partial rotation less than 360°, for example
rotations up to 180° or up to 90°.
[0139] In some embodiments, rotating assembly 660
can be configured to rotate fiber assembly 200 with a
frictionally engaged belt driven assembly as described
herebelow. Various configurations can be used to rotate
fiber assembly 200, such as an in-line or co-axial drive
assembly; a magnetic field driven assembly; and combi-
nations of these.
[0140] In the embodiment of Figs. 5A and 5B, rotating
assembly 660 includes housing 661 which is attached to
and/or maintains the relative position of one or more com-
ponents of rotating assembly 660. Housing 661 can be
further attached and/or maintain the position of other
components of system 10, such as sensor assembly 500
and/or a translating assembly such as assembly 610 de-
scribed herein. Rotating assembly 660 further includes
first pulley 666, belt 667, torque assembly 670, and sec-
ond pulley 671. Pulley 671 is incorporated within torque
assembly 670. Torque assembly 670 further includes
bearings 672, set screw 673, rotational encoder 675, a
rotational encoder wheel 676, and fiber assembly cou-
pling 680. Coupling 680 frictionally or otherwise operably
engages the proximal portion of fiber assembly 200, such
as to transfer rotational forces to torque shaft 205 of fiber
assembly 200. Coupling 680 can be attached to fiber
assembly 200 via a press-fit, adhesive or the like.
[0141] Coupling 680 is attached to housing 661 via
bearings 672. Bearings 672 maintain the position of cou-
pling 680 within housing 661, while allowing coupling 680
to freely rotate about its center axis. Bearings 672 are
configured to be coaxial with coupling 680 as well as fiber
assembly 200. Pulley 671 is fixedly attached to coupling
680, such as to transfer rotational forces to coupling 680.
Pulley 671 can be fixedly attached to coupling 680 via
one or more of set screw 673, adhesive, or the like. Ro-
tational encoder wheel 676 is fixedly attached to coupling
680 and/or pulley 671. Rotational encoder wheel 676

maintains its angular position and velocity such that it
matches the angular position and velocity of fiber assem-
bly 200, such that the position of wheel 676 can be de-
termined by rotational encoder 675, and that information
can be transmitted to a signal processor such as signal
processor 400 of Fig. 1.
[0142] Motor 665 is fixedly attached to pulley 666, such
that motor 665 rotates pulley 666, rotating drive belt 667,
and further rotating pulley 671 which in turn rotates torque
assembly 670. Rotating assembly 660 further includes
an adjustment assembly, such as at least a two dimen-
sional adjustment mechanism, such as X-Y table 690. X-
Y table 690 can be configured to fixedly attach to housing
661, such as to position housing 661 in two dimensional
space. Housing 661 is fixedly attached to torque assem-
bly 670, such X-Y table 690 can align the proximal face
of optical fiber 210 with the sensor assembly 500. X-Y
table 690 includes first adjustment screw 691 and second
adjustment screw 692, such that first adjustment screw
691 adjusts in a first dimension and second adjustment
screw 692 adjusts in a second dimension orthogonal to
the first direction. Adjustment screws 691 and 692 can
be used to center the proximal face of optical fiber 210,
such that infrared light is collected properly by the sensor
assembly 500, as described in reference to Fig. 7 here-
below.
[0143] Referring now to Fig. 6, a perspective view of
a translating assembly is illustrated, consistent with the
present inventive concepts. Translating assembly 610
includes motor 615, drive screw 620, translating car 625,
guide 628, and linear encoder 630. Motor 615 rotates
drive screw 620 such that drive screw 620 translates car
625 proximally and distally. In the embodiment of Fig. 6,
drive screw 620 comprises a Yankee screw, such as is
commonly used as component of a line guide in a bait-
casting fishing reel. This configuration allows relatively
constant speed of car 625 when motor 615 rotates at a
constant velocity, and in a single rotational direction. The
gears internal to car 625 allow car 625 to translate to one
end of drive screw 620, where the internal gears switch
position, and car 625 translates the opposite direction,
to the other end of screw 620, where the gears switch
back to the original orientation. In this configuration, in
addition to the linear speed of car 625 being relatively
uniform, reversing direction at the end of each translation
is achieved relatively instantaneously. In an alternative
embodiment, drive screw 620 comprises a worm drive,
and the direction of travel is dependent on the rotational
direction of motor 615.
[0144] Guide element 628 guides car 625 linearly such
that car 625 does not rotate about drive screw 620. Guide
element 628 includes linear encoder 630 which is con-
figured to determine the linear position of car 625, and
to transmit positional information to a signal processor
such as signal processor 400 of Fig. 1. Car 625 includes
bearings 626 which are configured to fixedly attach cou-
pling 627 to car 625 such that coupling 627 translates
with car 625. Coupling 627 is configured to be fixedly
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attached to fiber assembly 200, such that coupling 627
transfers linear translational forces to fiber assembly 200.
Additionally, coupling 627 rotates with fiber assembly 200
as fiber assembly 200 is rotated by rotating assembly
660 as described in reference to Fig. 5A and 5B herea-
bove.
[0145] Translation assembly 610 further includes
housings 611a, 611b, and 611c, (generally 611). Hous-
ings 611 are attached to and/or maintain the relative po-
sition of one or more components of translating assembly
610. Housings 611 can be further attached and/or main-
tain the position of other components of system 10, such
as sensor assembly 500 or rotating assembly 660 de-
scribed herein. Housing 611c is configured to fixedly at-
tach to the proximal end of shaft 110 of probe 100, such
that shaft 110 does not translate with respect to system
10, and fiber assembly 200 translates within a lumen of
shaft 110.
[0146] Referring now to Fig. 7, an optical schematic
of an optical assembly proximate a sensor assembly is
illustrated, consistent with the present inventive con-
cepts. In some embodiments, optical assembly 520 can
be included in a sensor assembly, such as sensor as-
sembly 500 described herein. Optical assembly 520 can
include various optical components configured to focus,
split, filter, transmit without filtering (e.g. pass through),
amplify, refract, reflect, polarize, or otherwise handle light
such as infrared light. Typical optical components include
but are not limited to: optical fiber; lens; mirror; filter;
prism; amplifier; refractor; splitter; polarizer; aperture;
and combinations of these. Optical assembly 520 is con-
figured to focus IR light 40, which is received from fiber
210 as has been described herein. Optical assembly 520
includes lens 521, optical window 522, filter 523, aperture
524, and immersion lens 526. Any or all components of
assembly 520 can be housed within a housing, such as
sensor detector housing 501. Detector housing 501 can
be a cooled housing, such as a Stirling cooled housing.
Components of optical assembly 520 can include similar
or dissimilar materials to the materials of optical fiber 210,
such as materials configured to pass (e.g. be relatively
transparent to) infrared light in the 6-15 micron wave-
length range, such as light in the 8-11 micron wavelength
range, as has been described herein. One or more com-
ponents of assembly 520 can include anti-reflective coat-
ings, as described in reference to Fig. 1 hereabove.
[0147] IR light 40 collected from a surface of a tissue
area passes through focusing lens 521, which is config-
ured to focus IR light 40 towards detector 510. Detector
510 includes a receiving surface, receiving surface 511,
reference number not shown on Fig. 7 for clarity, but in-
cluded on Figs. 8A and 8B herebelow. Fiber 210 is sep-
arated from focusing lens 521 by a physical gap, distance
D1. D1 can be varied, either during use or in a manufac-
turing process, such as to set the magnification of IR light
40 throughout optical assembly 520. IR light 40 then
passes through optical window 522, an optical compo-
nent which provides a seal of a detector housing 501

(e.g. a seal that enables deep cooling of components
within detector housing 501). Optical window 522 can
comprise an optical component such as a planar or
wedged window, a filter, or a lens configured to allow IR
light 40 to pass into detector housing 501. Some or all
components of assembly 520 can be enclosed within de-
tector housing 501, including IR detector 510, such as
when detector housing 501 comprises a cooled housing
and the enclosed components are cooled to the temper-
ature in detector housing 501. Cooling of the components
within detector housing 501 minimizes the amount of in-
frared light emitted by the components, and thus increas-
ing the signal to noise ratio of the system. In some em-
bodiments, components within detector housing 501 are
cooled to approximately 77 degrees Kelvin. Filter 523
comprises an optical filter configured to pass IR light 40,
for example infrared light comprising a wavelength of be-
tween 8 and 11 microns. All other wavelengths are
blocked, or partially blocked by filter 523, increasing the
signal to noise ratio of the system.
[0148] Assembly 520 further includes a cold aperture,
aperture 524, configured to block infrared light from out-
side the desired field of view from reaching detector 510.
Immersion lens 526 further focuses IR light 40 onto the
face of detector 510. Immersion lens 526 allows optical
assembly 520 to incorporate a smaller light-receiving sur-
face of detector 510 without increasing the overall length
of the system. Reducing the light receiving surface area
of detector 510 can provide improved signal to noise
and/or temporal performance (e.g. faster response time).
Furthermore, the shape of detector 510 can optimally be
matched to the core shape of fiber 210 (e.g. example
round or square) such as to minimize the area of detector
510 that is unlikely to receive IR Light 40. IR light 40
emitted onto the face of detector 510 can be converted
into a voltage signal, as described in reference to Fig. 1
hereabove, and converted to a table of temperature val-
ues versus tissue area locations, which can be displayed
as a temperature map as described herein. In some em-
bodiments, the voltage signal represents a change in IR
light 40 received by detector 510 (i.e. a differential signal).
[0149] The optical pathway of Fig. 7 can be constructed
and arranged to relatively fill, "overfill" or "underfill" the
receiving surface of detector 510 with IR light 40, such
as is described herebelow in reference to Figs. 8A and
8B, respectively.
[0150] Fig. 8A is an optical schematic of an infrared
detector illustrating the projections of infrared light fo-
cused toward the detector, in a configuration that overfills
the detector, consistent with the present inventive con-
cepts. Detector 510 can be similar to detector 510 of Fig.
7 described hereabove, and includes a receiving surface
511 constructed and arranged to receive infrared light
such that detector 510 can convert the received infrared
light into a signal. IR light 40 can represent the projection
of infrared light focused towards detector 510, such as
by an optical assembly, such as optical assembly 520 of
Fig. 7. In the illustrated embodiment, detector 510 is
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"overfilled", such that projections of received infrared light
(e.g. light received from fiber 210 of Fig. 7) fully cover,
and potentially extend beyond, the receiving surface 511
of detector 510. IR light 40, 40’ and 40" represent pro-
jections that have a cross sectional area greater than
surface 511 (e.g. due to the magnification that results
from optical assembly 520 of Fig. 7). IR light 40 is rela-
tively centered about surface 511. IR light 40’ and 40"
can represent a precession of light 40 away from its cen-
tered position, such as a precession caused by one or
more of: static alignment or misalignment of one or more
optical components; irregular rotation of an optical fiber
or other rotating component of the system; or another
cause.
[0151] Fig. 8B is an optical schematic of an infrared
detector illustrating the projections of infrared light fo-
cused toward the detector, in a configuration that under-
fills the detector, consistent with the present inventive
concepts. Detector 510 can be similar to detector 510 of
Fig. 7 described hereabove. IR light 40 can represent the
projection of infrared light focused towards detector 510
(e.g. from a fiber such as fiber 210 of Fig. 7), such as by
an optical assembly, such as optical assembly 520 of
Fig. 7. In the illustrated embodiment, detector 510 is "un-
derfilled", such that projections of received infrared light
partially cover the receiving surface 511 of detector 510.
IR light 40, 40’ and 40" represent projections have a cross
sectional area less than surface 511 (e.g. due to the mag-
nification that results optical assembly 520 of Fig. 7). IR
light 40 is relatively centered about surface 511. IR light
40’ and 40" can represent a precession of IR light 40
away from its centered position, such as a precession
caused by one or more of: static alignment or misalign-
ment of one or more optical components; irregular rota-
tion of an optical fiber or other rotating component of the
system; or another cause. In some embodiments, a prox-
imal optical assembly (e.g. optical assembly 520 of Fig.
7) can be constructed and arranged such that all antici-
pated precessions of IR light 40 (e.g. IR light 40’ and 40")
are fully received by (e.g. do not extent beyond) surface
511.
[0152] In some embodiments, the overfill design of Fig.
8A is selected, such as to minimize infrared light ema-
nating from objects or surfaces other than the proximal
end of fiber 210 from being received by surface 511; min-
imize errors that result from misalignment, non-uniform
rotation or other abnormalities that can cause light em-
anating from the proximal end of fiber 210 to move onto
and/or off of surface 511; and combinations thereof. In
other embodiments, the underfill design of Fig. 8B is se-
lected, such as to maximize the amount of light received
by surface 511 that emanates from the proximal end of
fiber 210. In some embodiments, optical assembly 520
is constructed and arranged to relatively, completely "fill"
detector 510, such that the size of the projected light onto
surface 511 relatively matches the size of surface 511.
In some embodiment, the system of the present inventive
concepts is constructed and arranged to allow an oper-

ator to change the amount of fill or overfill of infrared light
received on surface 511, such as by adjusting the mag-
nification of optical assembly 520 as has been described
hereabove.
[0153] In the embodiments of Figs. 8A and 8B, receiv-
ing surface 511 of detector 510 comprises a square in-
frared light receiving surface. In other embodiments, sur-
face 511 can comprise a surface with a shape selected
from the group consisting of: circular; elliptical; rectan-
gular; trapezoidal; triangular; and combinations of these.
In some embodiments, receiving surface 511 comprises
a shape configured to match an optical component of the
system, such as the cross sectional shape of an optical
fiber (e.g. optical fiber 210 of Fig. 7), or the shape of the
projection of infrared light from a lens (e.g. focusing lens
521 of Fig. 7). In some embodiments, optical assembly
520 is constructed and arranged to project IR light 40
onto surface 511 in a circular, elliptical, rectangular or
square pattern, such as when surface 511 comprises a
circular, elliptical, rectangular or square pattern, respec-
tively.
[0154] While the preferred embodiments of the devices
and methods have been described in reference to the
environment in which they were developed, they are
merely illustrative of the principles of the inventive con-
cepts. Modification or combinations of the above-de-
scribed assemblies, other embodiments, configurations,
and methods for carrying out the inventive concepts, and
variations of aspects of the inventive concepts that are
obvious to those of skill in the art are intended to be within
the scope of the claims. In addition, where this application
has listed the steps of a method or procedure in a specific
order, it may be possible, or even expedient in certain
circumstances, to change the order in which some steps
are performed, and it is intended that the particular steps
of the method or procedure claim set forth herebelow not
be construed as being order-specific unless such order
specificity is expressly stated in the claim.
[0155] The subject matter of the present application
relates, inter alia, to the following aspects:

1. A system for producing surface temperature esti-
mations of a tissue surface, comprising:

a first optical assembly constructed and ar-
ranged to receive infrared light emitted from mul-
tiple tissue surface areas;

a fiber comprising a proximal end and a distal
end, wherein the distal end is optically coupled
to receive infrared light from the first optical as-
sembly; and

a sensor optically coupled to the fiber proximal
end, wherein the sensor is constructed and ar-
ranged to produce a signal that correlates to an
average temperature of each of the multiple tis-
sue surface areas.
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2. The system of aspect 1 wherein the system is
constructed and arranged to produce surface tem-
perature estimations of a surface of an esophagus.

3. The system of aspect 1 further comprising a probe
comprising the first optical assembly and the fiber.

4. The system of aspect 3 wherein the probe has a
diameter less than or equal to 15Fr.

5. The system of aspect 3 wherein the probe has a
diameter less than or equal to 12Fr.

6. The system of aspect 3 wherein the probe has a
diameter less than or equal to 9Fr.

7. The system of aspect 3 wherein the probe has a
diameter less than or equal to 6Fr.

8. The system of aspect 1 wherein the first optical
assembly comprises a
surrounding tube.

9. The system of aspect 8 wherein the surrounding
tube comprises a relatively infrared transmissive
tube.

10. The system of aspect 8 wherein the surrounding
tube comprises a material selected from the group
consisting of: density polyethylene (HDPE) or low
density polyethylene (LDPE); germanium; and com-
binations thereof.

11. The system of aspect 1 wherein the first optical
assembly comprises an optical element selected
from the group consisting of: optical fiber; lens; mir-
ror; filter; prism; amplifier; refractor; splitter; polariz-
er; aperture; and combinations thereof.

12. The system of aspect 1 wherein the first optical
assembly comprises an optical element constructed
and arranged to perform an action on the received
infrared light selected from the group consisting of:
focus; split; filter; transmit without filtering; amplify;
refract; reflect; polarize; and combinations thereof.

13. The system of aspect 1 wherein the first optical
assembly comprises a rigid length less than or equal
to 3cm.

14. The system of aspect 13 wherein the first optical
assembly comprises a rigid length less than or equal
to 2cm.

15. The system of aspect 13 wherein the first optical
assembly comprises a rigid length less than or equal
to 1cm.

16. The system of aspect 13 wherein the first optical
assembly comprises a rigid length less than or equal
to 0.5cm.

17. The system of aspect 1 wherein the first optical
assembly comprises an optical element comprising
a planar surface, an angled surface and a convex
surface.

18. The system of aspect 17 wherein the angled sur-
face comprises an angle of approximately 45°.

19. The system of aspect 17 wherein the convex
surface comprises a convex surface with approxi-
mately a 4mm radius.

20. The system of aspect 1 wherein the first optical
assembly comprises an optical element with a first
surface constructed and arranged to receive infrared
light from tissue and a second surface constructed
and arranged to direct the received infrared light to
the fiber distal end.

21. The system of aspect 20 wherein the second
surface comprises a convex surface.

22. The system of aspect 20 wherein the first optical
assembly comprises an optical separation distance
between the second surface and the fiber distal end.

23. The system of aspect 22 wherein the fiber com-
prises an
approximately 400mm core, the optical separation
distance comprises a distance of approximately
4.5mm, and the second surface comprises a convex
radius of approximately 3mm.

24. The system of aspect 23 wherein the first optical
assembly comprises a focal length of approximately
3.5mm.

25. The system of aspect 23 wherein the system is
constructed and arranged to receive infrared light
from multiple tissue surface areas comprising an ar-
ea of approximately 0.4mm.

26. The system of aspect 22 wherein the fiber com-
prises an
approximately 400mm core, the optical separation
distance comprises a distance of approximately
4.2mm, and the second surface comprises a convex
radius of approximately 4mm.

27. The system of aspect 26 wherein the first optical
assembly comprises a focal length of approximately
7.5mm.

28. The system of aspect 26 wherein the system is
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constructed and arranged to receive infrared light
from multiple tissue surface areas comprising an ar-
ea of approximately 1.0mm.

29. The system of aspect 26 wherein the system
comprises spatial resolution criteria correlating to a
depth of field of approximately 8mm.

30. The system of aspect 1 wherein the first optical
assembly comprises a focal length of less than or
equal to 10mm.

31. The system of aspect 30 wherein the first optical
assembly comprises a focal length of less than or
equal to 5mm.

32. The system of aspect 30 wherein the first optical
assembly comprises a focal length of approximately
3.2mm.

33. The system of aspect 30 wherein the first optical
assembly comprises a focal length of approximately
3.5mm.

34. The system of aspect 1 wherein the system com-
prises spatial resolution criteria correlating to a depth
of field between 0.1mm and 15mm.

35. The system of aspect 34 wherein the system
comprises spatial resolution criteria correlating to a
depth of field of between 0.1 mm and 1.0mm.

36. The system of aspect 34 wherein the system
comprises spatial resolution criteria correlating to a
depth of field of approximately 0.5mm.

37. The system of aspect 1 wherein the first optical
assembly comprises a focal length between 4mm
and 10mm.

38. The system of aspect 1 wherein the system com-
prises spatial resolution criteria correlating to a depth
of field of between 1.5mm and 10mm.

39. The system of aspect 38 wherein the system
comprises spatial resolution criteria correlating to a
depth of field of approximately 7mm.

40. The system of aspect 1 wherein the first optical
assembly comprises a flange constructed and ar-
ranged to geometrically center the fiber.

41. The system of aspect 1 wherein the multiple tis-
sue surface areas comprise multiple tissue surfaces,
each comprising an area between 0.1mm2 and
20mm2.

42. The system of aspect 41 wherein the multiple

tissue surface areas
comprise multiple tissue surfaces, each comprising
an area between 0.5mm2 and 1.5mm2.

43. The system of aspect 41 wherein the multiple
tissue surface areas comprise multiple tissue sur-
faces, each comprising an area of approximately
1mm2.

44. The system of aspect 1 wherein the multiple tis-
sue surface areas comprise multiple tissue surfaces,
each comprising an equivalent diameter between
0.5mm and 1.5mm.

45. The system of aspect 1 wherein the multiple tis-
sue surface areas comprise multiple tissue surfaces,
each comprising a major axis comprising a length
between 0.5mm and 1.5mm.

46. The system of aspect 1 wherein the multiple tis-
sue surface areas comprise multiple tissue surfaces,
each comprising a relatively circular geometry.

47. The system of aspect 1 wherein the multiple tis-
sue surface areas comprise multiple tissue surfaces,
each comprising a relatively rectangular geometry.

48. The system of aspect 1 wherein the multiple tis-
sue surface areas comprise multiple relatively flat
tissue surfaces.

49. The system of aspect 1 wherein the multiple tis-
sue surface areas comprise multiple tissue surfaces
including multiple peaks and valleys.

50. The system of aspect 1 wherein the multiple tis-
sue surface areas comprise multiple tubular tissue
surface areas.

51. The system of aspect 50 wherein the tubular tis-
sue comprises a segment of the esophagus.

52. The system of aspect 1 wherein the fiber com-
prises a material selected from the group consisting
of: zinc selenide, germanium; germanium oxide, sil-
ver halide; chalcogenide; a hollow core fiber mate-
rial; and combinations thereof.

53. The system of aspect 1 wherein the fiber com-
prises a material relatively
transmissive to wavelengths between 6mm and
15mm.

54. The system of aspect 53 wherein the fiber com-
prises a material relatively transmissive to wave-
lengths between 8mm and 11 mm .

55. The system of aspect 1 wherein the fiber com-
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prises a bundle of fibers.

56. The system of aspect 55 wherein the bundle of
fibers comprises a
coherent bundle of fibers.

57. The system of aspect 55 wherein the bundle of
fibers comprises a non-coherent bundle of fibers.

58. The system of aspect 1 wherein the fiber com-
prises at least one anti-reflective coating.

59. The system of aspect 58 wherein the at least one
anti-reflective coating is positioned on at least one
of the fiber proximal end or the fiber distal end.

60. The system of aspect 58 wherein the at least one
anti-reflective coating comprises a coating selected
from the group consisting of: a broadband anti-re-
flective coating such as a coating covering a range
of 6mm - 15mm or a range of 8mm - 11mm; a narrow
band anti-reflective coating such as a coating cov-
ering a range of 7.5mm - 8 mm or a range of 8mm -
9mm; a single line anti-reflective coating such as a
coating designed to optimally reflect a single wave-
length or a very narrow range of wavelengths in the
infrared region; and combinations thereof.

61. The system of aspect 1 wherein the fiber further
comprises a core comprising a diameter between
6mm and 100mm.

62. The system of aspect 61 wherein the fiber further
comprises a core
comprising a diameter between 200mm and 400mm.

63. The system of aspect 1 wherein the fiber further
comprises a core and a
surrounding cladding.

64. The system of aspect 1 wherein the fiber further
comprises a core and an air envelope surrounding
the core.

65. The system of aspect 1 wherein the fiber further
comprises a twist resisting structure surrounding at
least a portion of the fiber between the fiber proximal
end and the fiber distal end.

66. The system of aspect 65 wherein the twist resist-
ing structure comprises a structure selected from the
group consisting of: coil; braid; and combinations
thereof.

67. The system of aspect 65 wherein the twist resist-
ing structure comprises a torque shaft.

68. The system of aspect 67 wherein the torque shaft

comprises
multiple layers of wires wound in opposite directions.

69. The system of aspect 67 wherein the torque shaft
comprises four to twelve wires.

70. The system of aspect 1 wherein the system is
constructed and arranged to perform a manipulation
on the fiber selected from the group consisting of:
rotating the fiber; translating the fiber; and combina-
tions thereof.

71. The system of aspect 70 wherein the fiber com-
prises a service loop
constructed and arranged to accommodate transla-
tion motion.

72. The system of aspect 1 wherein the fiber further
comprises a sleeve
surrounding at least a portion of the fiber.

73. The system of aspect 72 wherein the sleeve com-
prises a material
constructed and arranged to be non-reactive with at
least a portion of the fiber.

74. The system of aspect 73 wherein the fiber com-
prises a core and wherein the sleeve material is con-
structed and arranged to be non-reactive with the
core.

75. The system of aspect 1 wherein the sensor com-
prises an infrared light detector.

76. The system of aspect 75 wherein the sensor com-
prises a sensor selected from the group consisting
of: a photoconductor such as a mercury cadmium
telluride photodetector or a mercury zinc telluride
photodetector, a microbolometer; a pyroelectric de-
tector such as a lithium tantalite detector or triclycine
sulfate detector, a thermopile; and combinations
thereof.

77. The system of aspect 1 wherein the sensor com-
prises a response time less than or equal to 200 mil-
liseconds.

78. The system of aspect 77 wherein the sensor com-
prises a response time less than or equal to 1 milli-
second.

79. The system of aspect 1 wherein the sensor com-
prises a cooling assembly
constructed and arranged to cool one or more por-
tions of the sensor.

80. The system of aspect 79 wherein the cooling
assembly comprises a
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cooling assembly selected from the group consisting
of: liquid nitrogen filled dewar; thermoelectric cooler;
Stirling cycle cooler; and
combinations thereof.

81. The system of aspect 1 wherein the signal com-
prises a voltage signal.

82. The system of aspect 1 wherein the signal com-
prises a current signal.

83. The system of aspect 1 wherein the signal rep-
resents a change in received infrared light.

84. The system of aspect 1 further comprising a
shaft, wherein the fiber is slidingly received by the
shaft.

85. The system of aspect 84 wherein the shaft com-
prises a rounded tip.

86. The system of aspect 84 wherein the shaft com-
prises a material selected from the group consisting
of: polyethylene; polyimide; polyurethane; polyether
block amide; and combinations thereof.

87. The system of aspect 84 wherein the shaft com-
prises a braided shaft.

88. The system of aspect 84 wherein the shaft is
constructed and arranged for over-the-wire insertion
into a body lumen.

89. The system of aspect 84 wherein the shaft is
constructed and arranged for insertion into a nostril.

90. The system of aspect 84 wherein the shaft is
constructed and arranged to be inserted through
anatomy with a radius of curvature less than or equal
to 4 inches.

91. The system of aspect 90 wherein the shaft is
constructed and arranged to be inserted through
anatomy with a radius of curvature less than or equal
to 2 inches.

92. The system of aspect 91 wherein the shaft is
constructed and arranged to be inserted through
anatomy with a radius of curvature less than or equal
to 1 inch.

93. The system of aspect 1 further comprising a sec-
ond optical assembly
constructed and arranged to receive infrared light
from the fiber and direct light onto a receiving surface
of the sensor.

94. The system of aspect 93 wherein the second

optical assembly comprises an adjustment assem-
bly constructed and arranged to allow at least two-
dimensional positioning of the second optical as-
sembly relative to the sensor.

95. The system of aspect 93 wherein the second
optical assembly comprises an optical element se-
lected from the group consisting of: optical fiber; lens;
mirror; filter; prism; amplifier; refractor; splitter; po-
larizer; aperture; and combinations thereof.

96. The system of aspect 93 wherein the second
optical assembly comprises an optical element con-
structed and arranged to perform an action on the
received infrared light selected from the group con-
sisting of: focus; split; filter; transmit without filtering;
amplify; refract; reflect; polarize; and combinations
thereof.

97. The system of aspect 93 wherein the system
comprises a cooled housing and wherein at least a
portion of the second optical assembly is maintained
within the cooled housing.

98. The system of aspect 97 wherein the cooled
housing comprises a
Stirling cooled housing.

99. The system of aspect 93 wherein the second
optical assembly comprises a component compris-
ing an anti-reflective surface.

100. The system of aspect 93 wherein the second
optical assembly comprises a component relatively
transmissive of light with a wavelength between 6mm
and 15mm.

101. The system of aspect 100 wherein the second
optical assembly comprises a component relatively
transmissive of light with a wavelength between 8mm
and 11mm .

102. The system of aspect 93 wherein the second
optical assembly comprises a focusing lens.

103. The system of aspect 102 wherein the focusing
lens is separated from a least a portion of the sensor
by a gap.

104. The system of aspect 103 wherein the gap com-
prises an operator adjustable gap.

105. The system of aspect 93 wherein the second
optical assembly comprises a filter.

106. The system of aspect 105 wherein the filter is
relatively non- transmissive of light with a wavelength
below 8mm.
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107. The system of aspect 105 wherein the filter is
relatively non- transmissive of light with a wavelength
above 11pm.

108. The system of aspect 93 wherein the second
optical assembly comprises a cold aperture.

109. The system of aspect 93 wherein the second
optical assembly comprises an immersion lens.

110. The system of aspect 93 wherein the second
optical assembly is constructed and arranged to
overfill the receiving surface of the sensor with the
infrared light received from the fiber.

111. The system of aspect 110 wherein the second
optical assembly is constructed and arranged to
overfill the sensor to perform an action selected from
the group consisting of: minimizing infrared light em-
anating from surfaces other than the fiber proximal
end onto the sensor receiving surface; minimizing
errors caused by light emanating from the fiber prox-
imal end moving at least one of on or off the receiving
surface; and combinations thereof.

112. The system of aspect 93 wherein the second
optical assembly is
constructed and arranged to underfill the receiving
surface of the sensor with the infrared light received
from the fiber.

113. The system of aspect 112 wherein the second
optical assembly is constructed and arranged to un-
derfill the sensor to maximize the amount of light
received by the receiving surface of the sensor that
emanates from the fiber proximal end.

114. The system of aspect 93 wherein the system is
constructed and arranged to allow an operator to ad-
just the amount of at least one of overfill or underfill.

115. The system of aspect 93 wherein the second
optical assembly is
constructed and arranged to deliver the infrared light
received from the fiber in a pattern matching the ge-
ometry of the receiving surface of the sensor.

116. The system of aspect 93 wherein the system is
constructed and arranged to deliver the infrared light
received from the fiber in a rectangular pattern to the
receiving surface of the sensor.

117. The system of aspect 116 wherein the receiving
surface of the sensor comprises a rectangular pat-
tern.

118. The system of aspect 93 wherein the system is
constructed and arranged to deliver the infrared light

received from the fiber in a circular pattern to the
receiving surface of the sensor.

119. The system of aspect 118 wherein the receiving
surface of the sensor comprises a circular pattern.

120. The system of aspect 93 wherein the system is
constructed and arranged to deliver the infrared light
received from the fiber in an elliptical pattern to the
receiving surface of the sensor.

121. The system of aspect 120 wherein the receiving
surface of the sensor comprises an elliptical pattern.

122. The system of aspect 93 wherein the system is
constructed and arranged to deliver the infrared light
received from the fiber in a square pattern to the
receiving surface of the sensor.

123. The system of aspect 122 wherein the receiving
surface of the sensor comprises a square pattern.

124. The system of aspect 1 further comprising a
rotating assembly.

125. The system of aspect 124 wherein the rotating
assembly is constructed and arranged to rotate the
fiber.

126. The system of aspect 124 wherein the rotating
assembly is constructed and arranged to rotate the
first optical assembly.

127. The system of aspect 124 further comprising a
translating assembly constructed and arranged to
translate the fiber.

128. The system of aspect 127 wherein the system
is constructed and arranged to simultaneously rotate
and translate the fiber.

129. The system of aspect 127 wherein the system
is constructed and arranged to sequentially rotate
and translate the fiber.

130. The system of aspect 124 wherein the rotating
assembly is constructed and arranged to provide a
360° rotation.

131. The system of aspect 124 wherein the rotating
assembly is constructed and arranged to provide a
reciprocating rotation less than 360°.

132. The system of aspect 131 wherein the rotating
assembly is
constructed and arranged to provide a reciprocating
rotation between 45° and 320°.
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133. The system of aspect 131 wherein the rotating
assembly is
constructed and arranged to provide a reciprocating
motion of less than or equal to 180°.

134. The system of aspect 131 wherein the rotating
assembly is constructed and arranged to provide a
reciprocating motion of less than or equal to 90°.

135. The system of aspect 124 wherein the rotating
assembly comprises a rotational encoder.

136. The system of aspect 124 wherein the rotating
assembly is constructed and arranged to rotate the
fiber at a velocity between 1000rpm and 15000rpm.

137. The system of aspect 136 wherein the rotating
assembly is
constructed and arranged to rotate the fiber at a ve-
locity between 4000rpm and 8000rpm.

138. The system of aspect 137 wherein the rotating
assembly is constructed and arranged to rotate the
fiber at a velocity of approximately 7260rpm.

139. The system of aspect 124 wherein the rotating
assembly comprises an adjustment assembly con-
structed and arranged to allow an operator to adjust
the position of at least a portion of the fiber.

140. The system of aspect 139 wherein the adjust-
ment assembly is constructed and arranged to pro-
vide at least two dimensions of adjustment.

141. The system of aspect 139 wherein the adjust-
ment assembly is constructed and arranged to allow
an operator to position the fiber proximal end.

142. The system of aspect 1 further comprising a
translating assembly constructed and arranged to
translate the fiber.

143. The system of aspect 142 wherein the translat-
ing assembly is further constructed and arranged to
translate the sensor.

144. The system of aspect 142 wherein the translat-
ing assembly is
constructed and arranged to translate the fiber in a
reciprocating motion.

145. The system of aspect 142 further comprising a
rotating assembly
constructed and arranged to rotate the fiber.

146. The system of aspect 145 wherein the translat-
ing assembly is further constructed and arranged to
translate the rotating assembly.

147. The system of aspect 145 wherein the system
is constructed and arranged to simultaneously rotate
and translate the fiber.

148. The system of aspect 145 wherein the system
is constructed and arranged to sequentially rotate
and translate the fiber.

149. The system of aspect 142 wherein the translat-
ing assembly is
constructed and arranged to translate the fiber a dis-
tance between 5mm and 100mm.

150. The system of aspect 149 wherein the translat-
ing assembly is constructed and arranged to trans-
late the fiber a distance between 10mm and 40mm.

151. The system of aspect 149 wherein the translat-
ing assembly is constructed and arranged to trans-
late the fiber a distance of approximately 25mm.

152. The system of aspect 142 wherein the translat-
ing assembly comprises a linear encoder.

153. The system of aspect 142 wherein the translat-
ing assembly is
constructed and arranged to provide a relatively con-
tinuous translation of the fiber.

154. The system of aspect 142 wherein the translat-
ing assembly is
constructed and arranged to translate the fiber for a
first time period and a second time period, wherein
the first and second time periods are separated by
a delay.

155. The system of aspect 142 wherein the translat-
ing assembly comprises a yankee screw.

156. The system of aspect 1 further comprising a
user interface.

157. The system of aspect 156 wherein the user in-
terface is constructed and arranged to display a
graphical temperature map of the average temper-
ature of each of the multiple tissue surface areas.

158. The system of aspect 157 wherein the user in-
terface is
constructed and arranged to depict temperature dif-
ferences by varying a graphical parameter selected
form the group consisting of: color; hue; contrast;
and combinations thereof.

159. The system of aspect 157 wherein the user in-
terface is
constructed and arranged to allow an operator to ad-
just a temperature versus a graphic parameter cor-
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relation.

160. The system of aspect 156 wherein the user in-
terface is constructed and arranged to display a tem-
perature map of a two dimensional representation
of body tissue.

161. The system of aspect 156 wherein the user in-
terface is constructed and arranged to display a tem-
perature map of a three dimensional representation
of body tissue.

162. The system of aspect 156 wherein the user in-
terface is constructed and arranged to display an
alphanumeric table of temperature information.

163. The system of aspect 156 wherein the user in-
terface is constructed and arranged to display and
continually update a temperature map of the average
temperature of each of the multiple tissue surface
areas.

164. The system of aspect 163 wherein the user in-
terface is
constructed and arranged to update the temperature
map every 0.1 seconds to every 30 seconds.

165. The system of aspect 163 wherein the user in-
terface is
constructed and arranged to update the temperature
map every 0.2 seconds to every 5 seconds.

166. The system of aspect 163 wherein the user in-
terface is
constructed and arranged to update the temperature
map every 0.5 seconds to every 2 seconds.

167. The system of aspect 163 wherein the user in-
terface is
constructed and arranged to update the temperature
map approximately every 1 second.

168. The system of aspect 156 wherein the user in-
terface further comprises a user input component.

169. The system of aspect 168 wherein the user input
component comprises a component selected from
the group consisting of: touch screen monitor; a key-
board; a mouse; a joystick; and combinations there-
of.

170. The system of aspect 156 wherein the user in-
terface is constructed and arranged to allow an op-
erator to calibrate the sensor.

171. The system of aspect 156 wherein the user in-
terface is constructed and arranged to allow an op-
erator to adjust a motion parameter selected form

the group consisting of: a rotation parameter; a trans-
lation parameter; and combinations thereof.

172. The system of aspect 171 wherein the motion
parameter
comprises a motion parameter selected from the
group consisting of: translation travel distance;
translational speed; rotational travel distance; rota-
tional speed; scanning pattern geometry; and com-
binations thereof.

173. The system of aspect 156 wherein the user in-
terface is constructed and arranged to display other
temperature information.

174. The system of aspect 173 wherein the other
temperature
information comprises at least one of peak temper-
ature information and average temperature informa-
tion for multiple tissue surfaces.

175. The system of aspect 1 further comprising a
signal processing unit.

176. The system of aspect 175 wherein the signal
processing unit is
constructed and arranged to correlate the sensor sig-
nal into a table of temperature values correlating to
the multiple tissue surface areas.

177. The system of aspect 175 further comprising a
video monitor, wherein the signal processing unit
produces a video signal constructed and arranged
to drive the video monitor.

178. The system of aspect 175 wherein the signal
processing unit comprises an algorithm.

179. The system of aspect 178 wherein the algorithm
is constructed and arranged to perform a function
selected from the group consisting of: averaging one
or more values such as temperature values; finding
the peak value of one or more temperature values;
comparing peak values of one or more tissue areas;
rate of change of tissue temperature; rate of rate of
change of tissue temperature; determining an outlier
value; and combinations thereof.

180. The system of aspect 178 wherein the algorithm
is constructed and arranged to determine an area of
tissue whose average temperature is higher than
other tissue areas measured.

181. The system of aspect 1 further comprising at
least one band, wherein the first optical assembly
collects infrared light emanating from the at least one
band.
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182. The system of aspect 181 wherein the at least
one band comprises a proximal band, wherein the
first optical assembly is constructed and arranged to
translate between a proximal position and distal po-
sition, and wherein the proximal band is positioned
relative the proximal position.

183. The system of aspect 181 wherein the at least
one band comprises a distal band, wherein the first
optical assembly is constructed and arranged to
translate between a proximal position and distal po-
sition, and wherein the distal band is positioned rel-
ative the distal position.

184. The system of aspect 181 wherein the at least
one band comprises a distal band and a proximal
band, and wherein the first optical assembly is con-
structed and arranged to translate between the distal
band and the proximal band.

185. The system of aspect 181 wherein the at least
one band comprises a material selected from the
group consisting of: a thermally conductive material;
aluminum, titanium, gold, copper, steel; and combi-
nations thereof.

186. The system of aspect 181 wherein the at least
one band is constructed and arranged to cause the
sensor to produce a predetermined signal when the
first optical element receives infrared light from the
at least one band.

187. The system of aspect 181 further comprising at
least one temperature sensor constructed and ar-
ranged to measure a temperature of the at least one
band.

188. The system of aspect 187 wherein the at least
one temperature sensor comprises a sensor select-
ed from the group consisting of: thermocouple; ther-
misters; and combinations thereof.

189. The system of aspect 187 wherein the system
is constructed and arranged to calibrate the sensor
based on the measured temperature.

190. The system of aspect 189 wherein the system is
constructed and arranged to calibrate the sensor
multiple times, and wherein the calibration is based
on the measured temperature.

191. The system of aspect 189 wherein the optical
assembly is constructed and arranged to translate,
and wherein the system is constructed and arranged
to calibrate the sensor for every optical assembly
translation.

192. The system of aspect 181 wherein the at least

one band comprises a first band and a second band,
and the system further comprises a second temper-
ature sensor constructed and arranged to measure
a temperature of the second band.

193. The system of aspect 192 wherein the optical
assembly is
constructed and arranged to translate, and wherein
the system is constructed and arranged to calibrate
the sensor two times for every optical assembly
translation.

194. The system of aspect 181 wherein the at least
one band comprises a visualization marker.

195. The system of aspect 194 wherein the visuali-
zation marker is selected from the group consisting
of: a radiopaque marker such as a radiopaque mark-
er band; an ultrasonically reflective marker; a visible
light marker; a magnetic marker; and combinations
thereof.

196. The system of aspect 1 further comprising a
positioning member.

197. The system of aspect 196 wherein the position-
ing member is constructed and arranged to position
the first optical assembly at a distance from the tissue
surface.

198. The system of aspect 196 wherein the position-
ing member is constructed and arranged to center
the first optical assembly in a body lumen.

199. The system of aspect 198 wherein the body
lumen comprises an esophagus.

200. A system for producing surface temperature es-
timations of a tissue surface, comprising:
an elongate probe comprising:

a first optical assembly constructed and ar-
ranged to receive infrared light emitted from mul-
tiple tissue surface areas; and

a fiber comprising a proximal end and a distal
end, wherein the distal end is optically coupled
to receive infrared light from the first optical as-
sembly;
and

a sensor optically coupled to the fiber proximal
end, wherein the sensor is constructed and ar-
ranged to produce a signal that correlates to an
average temperature of each of the multiple tis-
sue surface areas.

201. A system for producing surface temperature es-
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timations of a tissue surface, comprising:

a fiber comprising a proximal end and a distal
end, wherein the fiber is constructed and ar-
ranged to allow infrared light to pass there-
through;

an optical assembly optically coupled to the dis-
tal end of the fiber, wherein the optical assembly
is constructed and arranged to receive infrared
light emitted from at least one tissue surface ar-
ea; and

a sensor optically coupled to the fiber proximal
end, wherein the sensor is constructed and ar-
ranged to produce a signal based on the infrared
light emitted from the at least one tissue surface
area, and wherein the signal correlates to an
average temperature of the at least one tissue
surface area.

202. A system as described with reference to, and
as illustrated in, the figures.

203. A method as described with reference to, and
as illustrated in, the figures.

204. A system according to aspect 200 further com-
prising the additional features of any of aspects 1,
201, 202, or 203 and/or the additional features as
described in any of aspects 2-199.

205. A system according to aspect 201 further com-
prising the additional features of any of aspects 1,
200, 202, or 203 and/or the additional features as
described in any of aspects 2-199.

206. A system according to aspect 202 further com-
prising the additional features of any of aspects 1,
200, 201, or 203 and/or the additional features as
described in any of aspects 2-199.

207. A system according to aspect 203 further com-
prising the additional features of any of aspects 1,
200, 201, or 202 and/or the additional features as
described in any of aspects 2-199.

208. A method of producing surface temperature es-
timations of a tissue surface comprising:

selecting the system of any of the preceding as-
pects;

deploying at least a portion of the system to a
tissue surface of a patient location; and

producing surface temperature estimations in
the region of the tissue surface.

209. A method according to aspect 208 further com-
prising the system including the additional features
of any of aspects 1 and 200-207 and/or the additional
features as described in any of aspects 2-199.

Claims

1. A system for producing surface temperature estima-
tions of a tissue surface, comprising:

a fiber assembly including

a tube configured to position within a body
lumen and having at least a portion trans-
parent to infrared light to receive infrared
light emitted from multiple tissue surface ar-
eas along the body lumen;
a fiber arranged within the tube and config-
ured to receive infrared light;

a sensor assembly coupled to the fiber proximal
end and configured to convert the received in-
frared light into an electrical signal, correlating
to the received infrared light to produce a signal
that correlates to an average temperature of
each of the multiple tissue surface areas; and
an optical element configured to focus the re-
ceived infrared light from the fiber to overfill or
underfill the sensor assembly with the received
infrared light.

2. The system of claim 1, wherein the sensor assembly
includes a detector having a receiving surface con-
figured to receive the infrared light to convert the
received infrared light into the electrical signal.

3. The system of claim 2, wherein the optical element
is configured to overfill the detector with the received
infrared light to at least cover the receiving surface
of the detector.

4. The system of claim 3, wherein the optical element
is configured to overfill the detector with the received
infrared light to extends beyond the receiving surface
of the detector.

5. The system of claim 3, wherein the optical element
is configured to overfill the sensor to at least one
minimize infrared light emanating from surfaces oth-
er than the fiber onto the receiving surface and min-
imize errors caused by light emanating from the fiber
moving at least one of on or off the receiving surface.

6. The system of claim 2, wherein the optical element
is configured to underfill the detector with the re-
ceived infrared light to partially cover the receiving
surface of the detector.
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7. The system of claim 6, wherein the optical element
is configured to underfill the detector with the re-
ceived infrared light to include projections of the in-
frared light that have a cross-sectional area less than
the receiving surface of the detector.

8. The system of claim 6, wherein optical element is
configured to underfill the sensor to maximize the
amount of light received by the receiving surface of
the detector that emanates from the fiber.

9. The system of claim 2, wherein the receiving surface
of the detector a shape that comprises at least one
of a square, circular, elliptical, rectangular, trapezoi-
dal, and triangular.

10. The system of claim 2, wherein the receiving surface
of the detector includes a shape that matches a
cross-sectional shape of the fiber.

11. The system of claim 1, wherein the optical element
is configured to allow an operator to adjust the
amount of at least one of overfill or underfill the area
of the receiving surface of the sensor.

12. The system of claim 1, further comprising a user in-
terface configured to display a graphical temperature
map of the multiple tissue surface areas based on
the electrical signal.

13. The system of claim 12, wherein the user interface
configured to display the graphical temperature map
with temperature differences indicated by varying at
least one of color, hue, and contrast.
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