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ABSTRACT

A system, device and method include a sensing enabled
device having an optical fiber configured to perform distrib-
uted sensing of temperature-induced strain. An interpretation
module is configured to receive optical signals from the opti-
cal fiber within a body and interpret the optical signals to
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MEDICAL DEVICE INSERTION AND EXIT
INFORMATION USING DISTRIBUTED FIBER
OPTIC TEMPERATURE SENSING

[0001] This disclosure relates to medical instruments and
more particularly to shape sensing optical fibers in medical
applications for evaluating and determining insertion/exit or
other information for medical devices.

[0002] Minimally invasive procedures involve making
small incisions or keyholes, for inserting devices to performa
procedure. In many instances, it is important to know the
point of insertion relative to the device and patient, for
example, to determine the portion of the device currently
residing within the body versus outside the body. The devices
inserted are typically elongated and may extend a significant
distance into the body. In addition, the length may change
dynamically during a procedure changing how much of the
instrument is inside the body.

[0003] Inaccordance with the present principles, a system,
device and method include a sensing enabled device having
an optical fiber configured to perform distributed sensing of
temperature-induced strain. An interpretation module is con-
figured to receive optical signals from the optical fiber within
a body and interpret the optical signals to determine one or
more temperatures or temperature gradients of the device.
[0004] A workstation includes a medical instrument
including a sensing device having at least one optical fiber
and configured to perform distributed sensing of temperature-
induced strain. A processor is provided, and memory is
coupled to the processor having an interpretation module
stored therein and configured to receive optical signals from
the at least one optical fiber within a subject and interpret the
optical signals to determine at least one temperature or tem-
perature gradient of the device. A display is coupled to the
processor and configured to display temperature and/or tem-
perature gradient information relative to the subject.

[0005] A method includes collecting strain data froma fiber
optic strain sensing device disposed within at least two dif-
ferent temperature regions; determining a temperature tran-
sition point between the at least two different temperature
regions based on the strain data and locating the transition
point relative to a medical device to find a specific reference
location.

[0006] These and other objects, features and advantages of
the present disclosure will become apparent from the follow-
ing detailed description of illustrative embodiments thereof,
which is to be read in connection with the accompanying
drawings.

[0007] This disclosure will present in detail the following
description of preferred embodiments with reference to the
following figures wherein:

[0008] FIG. 1 is a block/flow diagram showing a system
and workstation which employ a temperature/shape sensing
system in accordance with one embodiment;

[0009] FIG.?21is agraphic image showing a possible display
for indicating a reference position between two temperature
regions in accordance with the present principles;

[0010] FIG. 3 is a diagram of a sensing device with a cross-
section depicted showing multiple optical fibers in accor-
dance with one illustrative embodiment; and

[0011] FIG. 4 is a block/flow diagram showing a system/
method for gathering and employing sensed strain data for
determining temperature transitions as reference positions in
accordance with another illustrative embodiment.
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[0012] 1In accordance with the present principles, a system
for determining an insertion/exit position of a medical instru-
ment and for determining how much of an instrument is
internal to a patient versus external to the patient is provided.
In accordance with one particularly useful embodiment, a
fiber optic strain sensing device is employed with a medical
instrument. Shape sensing based on fiber optics exploits the
inherent backscatter in a conventional optical fiber. A prin-
ciple involved makes use of distributed strain measurement in
the optical fiber using characteristic Rayleigh backscatter
patterns or other reflective features. A fiber optic strain sens-
ing device is mounted on or integrated in a medical instru-
ment such that the fiber optic sensing device can show a shape
as well as a spatially resolved temperature distribution for the
medical instrument. In one embodiment, temperature is
employed to measure the position of entry/exit of the fiber
enabled device within the body. This information can be
employed to calculate a length of the instrument within the
body as the device is inserted and manipulated further within
the body in a real-time fashion.

[0013] In one example, four or more core fibers may be
employed where one core is located in the center of the
cross-section, in such an arrangement one is able to separate
strain due to bending from temperature effects (e.g., when
axial strain (tension) is not present, or if the tension is known
and controllable (or can be calibrated out)). Combined shape
and temperature sensing may be provided in one embodi-
ment. In other embodiments, only temperature effects may be
measured with as few as one optical fiber.

[0014] In one illustrative embodiment, a system performs
distributed fiber optic sensing of strain and temperature and is
capable of reconstructing the shape of an elongated medical
device, where a spatially resolved temperature measurement
is used to identify temperature gradients caused by transitions
between locations inside and outside the body. The strain
measurements may be employed to determine the device
shape and determine specific locations along the device using
temperature gradients. The system is able to determine the
portion of the device residing within domains of different
temperatures, e.g., inside versus outside the human body,
inside versus outside a thermally treated zone (e.g., an abla-
tion zone), etc.

[0015] Furthermore, detection of a fixed insertion point can
be used to specify a patient specific reference launch region
that moves in a patient’s coordinate frame of reference rather
than a lab frame of reference. For accurate shape sensing,
ambient temperature around the shape sensing device is
employed to calibrate the device for intra-procedural use,
e.g., a shape sensing component operating at room tempera-
ture outside the body and a second component in-vivo that
operates at body temperature. Shape sensing accuracy in both
segments is necessary and therefore, segment specific tem-
perature calibration is preferred.

[0016] It should be understood that the present invention
will be described in terms of medical instruments; however,
the teachings of the present invention are much broader and
are applicable to any fiber optic instruments. In some embodi-
ments, the present principles are employed in tracking or
analyzing complex biological or mechanical systems (e.g,,
plumbing systems or the like). In particular, the present prin-
ciples are applicable to internal tracking procedures of bio-
logical systems, procedures in all areas of the body suchas the
lungs, gastro-intestinal tract, excretory organs, blood vessels,
etc. The elements depicted in the FIGS, may be implemented
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in various combinations of hardware and software and pro-
vide functions which may be combined in a single element or
multiple elements.

[0017] The functions of the various elements shown in the
FIGS, can be provided through the use of dedicated hardware
as well as hardware capable of executing software in associa-
tion with appropriate software. When provided by a proces-
sor, the functions can be provided by a single dedicated pro-
cessor, by a single shared processor, or by a plurality of
individual processors, some of which can be shared. More-
over, explicit use of the term “processor” or “controller”
should not be construed to refer exclusively to hardware
capable of executing software, and can implicitly include,
without limitation, digital signal processor (“DSP”) hard-
ware, read-only memory (“ROM”) for storing software, ran-
dom access memory (“RAM”), non-volatile storage, etc.
[0018] Moreover, all statements herein reciting principles,
aspects, and embodiments of the invention, as well as specific
examples thereof, are intended to encompass both structural
and functional equivalents thereof. Additionally, itis intended
that such equivalents include both currently known equiva-
lents as well as equivalents developed in the future (i.e., any
elements developed that perform the same function, regard-
less of structure). Thus, for example, it will be appreciated by
those skilled in the art that the block diagrams presented
herein represent conceptual views of illustrative system com-
ponents and/or circuitry embodying the principles of the
invention. Similarly, it will be appreciated that any flow
charts, flow diagrams and the like represent various processes
which may be substantially represented in computer readable
storage media and so executed by a computer or processor,
whether or not such computer or processor is explicitly
shown.

[0019] Furthermore, embodiments of the present invention
can take the form of a computer program product accessible
from a computer-usable or computer-readable storage
medium providing program code for use by or in connection
with a computer or any instruction execution system. For the
purposes of this description, a computer-usable or computer
readable storage medium can be any apparatus that may
include, store, communicate, propagate, or transport the pro-
gram for use by or in connection with the instruction execu-
tion system, apparatus, or device. The medium can be an
electronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system (or apparatus or device) or a propaga-
tion medium. Examples of a computer-readable medium
include a semiconductor or solid state memory, magnetic
tape, a removable computer diskette, a random access
memory (RAM), a read-only memory (ROM), a rigid mag-
netic disk and an optical disk. Current examples of optical
disks include compact disk—read only memory (CD-ROM),
compact disk—read/write (CD-R/W), Blu-Ray™ and DVD.
[0020] Referring now to the drawings in which like numer-
als represent the same or similar elements and initially to FIG.
1, asystem 100 for performing a procedure using temperature
sensing enabled devices is illustratively shown in accordance
with one embodiment. System 100 may be employed with
and is applicable for all applications for interventional and
surgical procedures that employ fiber optic shape sensing.
Distributed fiber optic sensing of strain and temperature may
be employed to reconstruct the shape and/or temperature of
an elongated medical device 102. Spatially resolved tempera-
ture measurement is used to identify temperature gradients
caused by transitions between locations inside and/or outside
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abody 131. The strain measurements are employed to deter-
mine device shape and determine specific locations along the
device having temperature gradients. Portions of the device
102 residing within domains of different temperatures, e.g,,
inside versus outside the human body or inside versus outside
a thermally treated zone, may be determined.

[0021] System 100 may include a workstation or console
112 from which a procedure is supervised and/or managed.
Workstation 112 preferably includes one or more processors
114 and memory 116 for storing programs and applications.
Memory 116 may store an optical sensing and interpretation
module 115 configured to interpret optical feedback signals
from a shape and/or temperature sensing device or system
104. Optical sensing module 115 may be configured to use the
optical signal feedback (and any other feedback, e.g., elec-
tromagnetic (EM) tracking, live multimodality imaging data,
or other monitoring data available within the clinical environ-
ment) to reconstruct deformations, deflections and other
changes associated with a medical device or instrument 102
and/or its surrounding region. The medical device 102 may
include a catheter, a guidewire, a probe, an endoscope, a
robot, an electrode, a filter device, a balloon device, or other
medical component, etc. In a particularly useful embodiment,
sensing device 104 includes a temperature sensing configu-
ration which may be employed with or independently from
the medical device 102.

[0022] A temperature sensing system includes module 115
and shape/temperature sensing device 104 mounted on or
integrated into the device 102. The sensing system includes
an optical interrogator 108 that provides selected signals and
receives optical responses. An optical source 106 may be
provided as part of the interrogator 108 or as a separate unit
for providing light signals to the sensing device 104. Sensing
device 104 includes one or more optical fibers 126 which are
coupled to the device 102 in a set pattern or patterns. The
optical fibers 126 connect to the workstation 112 through
cabling 127. The cabling 127 may include fiber optics, elec-
trical connections, other instrumentation, etc., as needed.
[0023] Sensing device 104 with fiber optics may be based
on fiber optic Bragg grating sensors. A fiber optic Bragg
grating (FBG) is a short segment of optical fiber that reflects
particular wavelengths of light and transmits all others. This
is achieved by adding a periodic variation of the refractive
index in the fiber core, which generates a wavelength-specific
dielectric mirror. A fiber Bragg grating can therefore be used
as an inline optical filter to block certain wavelengths, or as a
wavelength-specific reflector.

[0024] A fundamental principle behind the operation of a
fiber Bragg grating is Fresnel reflection at each of the inter-
faces where the refractive index is changing. For some wave-
lengths, the reflected light of the various periods is in phase so
that constructive interference exists for reflection and, conse-
quently, destructive interference for transmission. The Bragg
wavelength is sensitive to strain as well as to temperature.
This means that Bragg gratings can be used as sensing ele-
ments in fiber optical sensors. In an FBG sensor, the measur-
and (e.g., temperature or strain) causes a shift in the Bragg
wavelength.

[0025] One advantage of this technique is that various sen-
sor elements can be distributed over the length of a fiber.
Incorporating three or more cores with various sensors
(gauges) along the length of a fiber that is embedded in a
structure permits a three dimensional form of such a structure
to be precisely determined, typically with better than 1 mm
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accuracy. Along the length of the fiber, at various positions, a
multitude of FBG sensors can be located (e.g., three or more
fiber sensing cores). From the strain measurement of each
FBG, the temperature and the curvature of the structure can be
inferred at that position. From the multitude of measured
positions, the total three-dimensional form is determined and
temperature differences can be determined.

[0026] As an alternative to fiber-optic Bragg gratings, the
inherent backscatter in conventional optical fiber can be
exploited. One such approach is to use Rayleigh scatter in
standard single-mode communications fiber. Rayleigh scatter
occurs as a result of random fluctuations of the index of
refraction in the fiber core. These random fluctuations can be
modeled as a Bragg grating with a random variation of ampli-
tude and phase along the grating length. By using this effect in
three or more cores running within a single length of multi-
core fiber, the 3D shape, temperature and dynamics of the
surface of interest can be followed.

[0027] Animagingsystem 110 may be employed for in-situ
imaging of a subject 131 during a procedure. The imaging
system 110 may be incorporated with the device 102 (e.g.,
intravenous ultrasound (IVUS), etc.) or may be employed
externally to the subject 131. Imaging system 110 may also be
employed for collecting and processing pre-operative images
(e.g., image volume 130) to map out a region of interest in the
subject to create an image volume for registration and with
shape/temperature sensing space.

[0028] In one embodiment, workstation 112 includes an
image generation module 148 configured to receive at least
one temperature gradient of the device 102 and register an
image to the at least one temperature gradient or otherwise
display the results from the sensing device 104. Workstation
112 includes a display 118 for viewing internal images of a
subject (patient) 131 and may include an overlay or other
image showing an entry/exit point of the device 102 (and/or
sensing device 104). FIG. 2 shows an illustrative display
image. Imaging system 110 may include a fluoroscopy sys-
tem, a computed tomography (CT) system, an ultrasonic sys-
tem, etc. Display 118 may also permit a user to interact with
the workstation 112 and its components and functions, or any
other element within the system 100. This is further facili-
tated by an interface 120 which may include a keyboard,
mouse, a joystick, a haptic device, or any other peripheral or
control to permit user feedback from and interaction with the
workstation 112.

[0029] In another embodiment, system 100 includes a
method to compute a point of entry 140 of the shape/tempera-
ture sensing enabled device 102 within the body 131 without
employing any other imaging or tracking scheme or relying
on any outside technology or user observation/intervention.
The system 100 computes the point of entry 140 dynamically
in real-time and to know the exact portion of the sensing
device 104 entering the body 131. For a fiber-optic shape
sensing system, detection of the fixed insertion point 140 can
be employed to specify a patient specific reference launch
region that moves in the patient’s coordinate frame of refer-
ence rather than a frame of reference of the environment (e.g.,
the lab or operating room). For accurate shape/temperature
sensing performance, the ambient temperature around the
optical fiber 126 is needed as a factor to calibrate the device
104 for intra-procedural use. For example, the ambient room
temperature dominates a first portion 142 of the sensing
device 104 outside the body, and a second portion 144 in vivo
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operates at body temperature. Shape sensing accuracy in both
segments is needed and therefore, segment specific tempera-
ture calibration is preferred.

[0030] In one embodiment, each of N segments 152 of
optical fiber 126 may include a temperature reference com-
ponent 154 to provide a calibration temperature for each
respective segment 152. This may be employed during a
procedure or as a calibration step in advance or after the
procedure. The optical measurements recorded by the distrib-
uted fiber sensor 104 can be calibrated into accurate tempera-
ture values by use of the known fiber shapes and tension, in
combination with the independent temperature reference
154, e.g., a thermistor reading, or from exposure of the fiber
to known temperatures and temperature changes in a calibra-
tion step.

[0031] Referring to FIG. 2, a graphic or image 200 showing
a possible display (e.g., on display 118) is illustratively
depicted. A rendering 202 of a patient may include a generic
outline or may include an actual real-time or pre-recorded
image of the patient or portion of the patient. The image 200
may include a rendering 206 of the sensing device 104 and
may show different textures or colors relative to an entry point
208 (temperature change). For example, a first portion 242 of
the sensing device 104 is outside the body 131, and a second
portion 244 is inside the body 131.

[0032] The graphic 200 includes a graph 210 that provides
areal-time means of calculating the length of the shape sens-
ing enabled device 102 that is within the body 131, which may
be needed for, e.g., endoluminal applications both diagnostic
and therapeutic to perform a biopsy from a desired target
lesion, rather than from the wrong region due to overshoot/
undershoot of device insertion. In so doing, improvements in
diagnostic yield may be realized during interventional proce-
dures. The graph 210 shows an external temperature region
212 and an internal temperature region 216 and a transition
temperature region 214. The transition temperature region
214 provides a transition into the body 131, which is
employed to determine the entry point 208. In addition, a
running computation 220 may be displayed showing an
inserted length 222 and an external length 224. Other graph-
ics and visual tools are also contemplated and may be
employed.

[0033] Thetemperature of the human body at 37 degrees C.
is higher than the ambient temperature in an operating room
or an interventional suite (around 20 degrees C., e.g., with air
conditioning, etc.). As a result, at the point when the fiber
device enters into the body, the fiber will undergo a gradient
or gradual change in temperature from 20 to 37 degrees C.
(assuming normal human body temperature). This position
can be dynamically detected during advancement of the
device 104. Thermal capacities introduced by the material
surrounding the fiber, however, may lead to larger time con-
stants affecting the response time of the system to tempera-
ture changes. These may be accounted for in the design or in
the computation, for example.

[0034] In an alternate embodiment, shape/temperature
sensing data may be matched to imaging data, both pre-
operative and intra-operative, as long as the point of entry 208
is visible in the imaging space. For example, an image of the
body 131 and a rendering of the sensing device 104 may be
displayed together. The entry point 208 may provide a com-
mon reference to register both spaces. This addresses the
problems faced in registration when either the fiber 126 itself
is not visible in the field of view, or if the fiber segment 152
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that is present lacks sufficient structural detail to allow for
unambiguous fusion (e.g., the fiber device appears as a single
line extending through the field of view).

[0035] Referring to FIG. 3, a shape/temperature sensing
device 104 is illustratively shown with a cross-sectional view.
An optical fiber may be employed to measure strain and is
also sensitive to temperature. In one embodiment, three outer
fiber cores 302 are disposed about a fourth central core 304.
With this combination, separate measurements of strain may
be obtained leading to shape (cores 302) and spatially
resolved temperature (along the length) (core 304). The con-
figuration works best if there is no axial strain present. In most
scenarios, axial strain of the device 104 is negligible since the
device is not stretched along its length, and therefore it is
reasonable to assume that the primary influence in the central
core 304 is due to temperature. Other configurations may also
be employed to zero out or account for axial strain if present.
For example, a second central core (not shown) with different
properties from the first core may be provided such that
physical strain and temperature strain may be distinguished.
The second central core may be provided with different prop-
erties or different doping material to give a different refractive
index and/or coefficient of expansion. These same features or
differences can also be applied to the outer cores (not just
central the central core or cores) where each core could have
adifferent property such that measurement differences would
permit multiple solutions to resolve axial strain, temperature
values, etc.

[0036] Changes in temperature along the length of the
device 104 are monitored to dynamically determine the inset-
tion point (208) or more generally determine positions within
different temperature domains. As mentioned, this can be
combined with pre-operative imaging to predict whether a
target is being approached. It can also be used to match and
register the pre-operative imaging to the shape sensing sys-
tem when the point of entry is also visible in the imaging
modality.

[0037] With the configuration of four cores (302, 304),
strains from temperature can be easily distinguished from
geometrical strains. The strains in cores 302 may be
employed to resolve temperature regions along the fibers as
the geometry indicated by the cores 302 will provide posi-
tional information relative to the information collected from
the central core 304. In addition, the fiber optic sensor 104
may provide additional optical measurements, such as back-
scatter, etc., which can be used to more accurately solve
ill-posed estimation problems by teasing apart temperature
from deformation-induced changes in the optical backscatter.
[0038] It should be understood however that a single fiber
core may be employed as a temperature sensor. This is par-
ticularly useful where other strains in the single fiber are
known. In fiber configurations with even more cores (e.g.,
say, up to 7 cores), the cores are preferably evenly or sym-
metrically distributed about the central core. In one example,
seven cores may be employed with 6 exterior cores in a
hexagonal form and one core in the center. Other configura-
tions are also contemplated.

[0039] A physical length and index of refraction of a fiber
are intrinsically sensitive to environmental parameters of
temperature and strain and, to a much lesser extent, pressure,
humidity, electromagnetic fields, chemical exposure etc. The
wavelength shift, AA or frequency shift, Av of the backscatter
pattern due to a temperature change, AT, or strain along the
fiber axis, €, is:

ANA=-AVIV=KAT+K,
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where

2
n
K.=1- %ﬁ'iplz = p(p11 + pr2)).

The temperature coefficient K ;-is a sum of the thermal expan-
sion coefficient o and the thermo-optic coefficient E=1/n(3n/
3T), with typical values of 0.55x10-6° C.™! and 6.1x10-6°
C.™', respectively for germanium-doped silica core fibers.
The strain coefficient K_ is a fanction of group index n (or
n,4): the components of the strain-optic tensor, p,; and Pois-
son’s ratio, u. Usual values given for n,p,,, p,, and p for
germanium-doped silica yield a value for K_ of about 0.787.
Thus, a shift in temperature or strain may be a linear scaling
(for moderate temperature and strain ranges) of the spectral
frequency shift Av. This linear model does not apply if strains
approach the elastic limit of the fiber, or temperatures
approach the glass transition temperature of the fiber.

[0040] The use of temperature changes detected along the
fiber length permits piecewise constant temperature calibra-
tion and segment specific shape reconstruction to be applied
to each domain of the fiber sensor (104). This ensures shape
tracking accuracy in each region despite the presence of a
temperature gradient at the insertion point (which might nor-
mally degrade the performance of shape sensing/localiza-
tion).

[0041] Other applications of the present principles may
include pulmonology or other endoluminal and endovascular
applications where a position of a target, such as a lesion is
known in pre-operative computed tomography (CT) images.
Knowing this, the path that a pulmonologist has to traverse to
reach the target and the length of the path are also known. In
accordance with the present principles, the clinician also
knows the length of the device that has been moved within the
body, and this coupled with 3D shape information from the
device would be significant in improving the yield of the
procedure. The examples described should not be construed
as limiting. Other endoluminal procedures that could benefit
from the present principles include applications in gastroen-
terology, colorectal procedures, gynecology, urology, etc.
The sensing device 104 may be incorporated in one or more of
the following devices: cystoscopes, ureteroscopes, rhino

laryngoscopes, gastroscopes, colonoscopes, esophago-
scopes, etc.
[0042] Referring to FIG. 4, a method for determining a

temperature transition point for deciphering a reference loca-
tion is illustratively shown in accordance with one embodi-
ment. In block 402, strain data is collected from a fiber optic
strain sensing device disposed within at least two different
temperature regions. The sensing device may include a first
portion having a first temperature and a second portion having
a second temperature, and the first portion is internal to a
body, and the second portion is external to the body. In this
instance, the transition point includes a point of entry in the
body. In another example, the first portion may include a
temperature treated zone (ablation zone, cryogenic treated
zone, etc.), and the second portion includes a reference tem-
perature zone. The transition point(s) may be employed to
determine an entry/exit point to the body, determine a dis-
tance in the body to a target, determine an ablation region, etc.
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[0043] The strain data may include geometrical data for
determining a shape of a medical device as well as tempera-
ture transitions. In block 404, the sensing data may include
temperature induced strain and geometrically induced strain.
The sensing device may include at least four optical fibers
configured with three optical fibers surrounding a central
optical fiber such that the three optical fibers measure geo-
metric strain and the central optical fiber measures a tempera-
ture induced strain. Other configurations are also contem-
plated.

[0044] Inblock 406, a temperature transition point is deter-
mined between the at least two different temperature regions
based on the strain data. Any number of regions may be
employed. Inblock 408, the transition point is located relative
to a body and/or a medical device to find a specific reference
location. In block 410, locating the transition point may
include determining a length of the first portion and a length
of the second portion.

[0045] In block 412, an image of the body may be regis-
tered to temperature/shape sensing space using the tempera-
ture transition point as a reference. In block 414, temperature
information is displayed. The transition point and/or the tem-
perature gradient may be displayed for a clinician to improve
accuracy, yield, etc. of a procedure.

[0046] In interpreting the appended claims, it should be
understood that:

[0047] a) the word “comprising” does not exclude the
presence of other elements or acts than those listed in a
given claim;

[0048] b)the word“a” or “an” preceding an element does
not exclude the presence of a plurality of such elements;

[0049] c) any reference signs in the claims do not limit
their scope;

[0050] d) several “means” may be represented by the
same item or hardware or software implemented struc-
ture or function; and

[0051] e) no specific sequence of acts is intended to be
required unless specifically indicated.

[0052] Having described preferred embodiments for medi-
cal device insertion and exit information using distributed
fiber optic temperature sensing (which are intended to be
illustrative and not limiting), it is noted that modifications and
variations can be made by persons skilled in the art in light of
the above teachings. It is therefore to be understood that
changes may be made in the particular embodiments of the
disclosure disclosed which are within the scope of the
embodiments disclosed herein as outlined by the appended
claims.

Having thus described the details and particularity required
by the patent laws, what is claimed and desired protected by
Letters Patent is set forth in the appended claims.

1. A system, comprising:

a sensing enabled device having at least one optical fiber
configured to perform distributed sensing of tempera-
ture-induced strain; and

an interpretation module configured to receive optical sig-
nals from the at least one optical fiber within a body and
interpret the optical signals to determine at least one
temperature gradient of the device.

2. The system as recited in claim 1, wherein the sensing
enabled device is configured to perform shape sensing of the
device and to sense temperature-induced strain.

3. The system as recited in claim 1, wherein the sensing
enabled device includes an elongated medical device.
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4. The system as recited in claim 1, wherein the sensing
enabled device includes a first portion having a first tempera-
ture and a second portion having a second temperature, the
interpretation module being configured to determine a tran-
sition point between the first portion and the second portion.

5. The system as recited in claim 4, wherein the first portion
is internal to a body and the second portion is external to the
body and the transition point includes a point of entry in the
body.

6. (canceled)

7. (canceled)

8. The system as recited in claim 1, wherein the sensing
enabled device includes four or more optical fibers configured
with three or more optical fibers surrounding a central optical
fiber such that the surrounding optical fibers measure geo-
metric strain and the central optical fiber measures the tem-
perature-induced strain.

9. The system as recited in claim 1, further comprising an
image generation module configured to receive the at least
one temperature gradient of the device and register an image
to the at least one temperature or temperature gradient.

10. (canceled)

11. (canceled)

12. A workstation, comprising:

a medical instrument including a sensing device having at
least one optical fiber and configured to perform distrib-
uted sensing of temperature-induced strain;

a processor;

memory coupled to the processor and having an interpre-
tation module stored therein and configured to receive
optical signals from the at least one optical fiber within
asubject and interpret the optical signals to determine at
least one temperature gradient of the device; and

a display coupled to the processor and configured to dis-
play temperature and/or temperature gradient informa-
tion relative to the subject.

13. The workstation as recited in claim 12, wherein the
sensing device is configured to perform shape sensing of the
medical instrument and to sense temperature-induced strain.

14. The workstation as recited in claim 12, wherein the
medical device includes an elongated device.

15. The workstation as recited in claim 12, wherein the
sensing device includes a first portion having a first tempera-
ture and a second portion having a second temperature and the
interpretation module is configured to determine a transition
point between the first portion and the second portion.

16. The workstation as recited in claim 15, wherein the first
portion is internal to a body and the second portion is external
to the body and the transition point includes a point of entry in
the body.

17. (canceled)

18. (canceled)

19. (canceled)

20. (canceled)

21. (canceled)

22. (canceled)

23. A method, comprising:

collecting strain data from a fiber optic strain sensing
device disposed within at least two different temperature
regions;

determining at least one temperature gradient over the at
least two different temperature regions from the strain
data;
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determining a temperature transition point between the at
least two different temperature regions based on the
strain data; and

locating the transition point relative to a medical device to

find a specific reference location.

24. The method as recited in claim 23, wherein the sensing
device includes a first portion having a first temperature and a
second portion having a second temperature and the first
portion is internal to a body and the second portion is external
to thebody and the transition point includes a point of entry in
the body.

25. (canceled)

26. (canceled)

27. The method as recited in claim 24, further comprising
measuring geometric strain and temperature-induced strain.

28. (canceled)
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