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IMAGING THERMOMETRY

[0001] The following generally relates to imaging ther-
mometry and is described with particular application to com-
puted tomography (CT) in connection with an interventional
procedure in which temperature monitoring of tissue being
treated is of interest. The following is also amenable to other
imaging such as x-ray, fluoroscopy and/or other imaging used
in connection with such interventional procedures.

[0002] A limitation of some interventional procedures like
ablation is a high recurrence rate due to under-ablation or
inadequate safety margin. Furthermore, some complications
are caused by over-ablation, which may damage adjacent
healthy tissue. Real-time temperature monitoring may facili-
tate mitigating such issues and allow for iterative interven-
tional procedure plan adjustment for preventing under-abla-
tion, overtreatment and/potential damage to adjacent tissue.

[0003] Magnetic resonance (MR) imaging can be used to
monitor temperature changes in tissue during ablation and/or
other procedures. With MR imaging, a change in temperature
causes a linearly proportional change in the resonant fre-
quency of protons within a magnetic field, and is thus tem-
perature change is detectable using a phase sensitive pulse
sequence scanning called “proton resonant frequency shift
(PRFS).” With PRFS, two images are obtained at two differ-
ent points in time and the phase difference between them is
used to calculate the temperature difference at each pixel.
PRFS imaging results in temperature sampling densities of
volume equal to densities of the image pixels. This data is
used for planning and delivery and post-treatment assessment
of tissue damage.

[0004] However, ablations are typically performed with
ultrasound or CT guidance; rarely is MR guidance used dur-
ing ablations because of limited MR compatible equipment
and/or MR scanners access. Unfortunately, real-time tem-
perature monitoring currently is not possible with CT, and
predetermined ablation zones provided by manufacturers do
not take into account tissue properties, heterogeneity of tumor
tissue, heat sync, or patient motion. Many factors affect the
ablation zone including patient characteristics, tumor histol-
ogy and location, and the type of energy used for the ablation.
Moreover, computational models can be time consuming and
rely on heavy mathematical calculations.

[0005] Aspects described herein address the above-refer-
enced problems and others.

[0006] In one aspect, a computing device includes a ther-
mal map generator that generates a thermal map for image
data voxels or pixels representing a volume or region of
interest of a subject based on thermometry image data, which
includes voxels or pixels indicating a change in a temperature
in the volume or region of interest, and a predetermined
change in voxel or pixel value to temperature lookup table and
adisplay that visually presents the thermal map in connection
with image data of the volume or region of interest.

[0007] In another aspect, a method includes generating a
thermal map for image data voxels or pixels representing a
volume or region of interest of a subject based on thermom-
etry image data, which includes voxels or pixels indicating a
change in a temperature in the volume or region of interest,
and a predetermined change in voxel or pixel value to tem-
perature lookup table.

[0008] In another aspect, a computer readable storage
medium is encoded with computer readable instructions. The
computer readable instructions, when executed by a proces-
sor, cause the processor to: generate and display a thermal
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map for image data voxels or pixels representing a volume or
region of interest of a subject during an interventional proce-
dure based on thermometry image data, which includes vox-
els or pixels indicating a change in a temperature in the
volume or region of interest, and a predetermined change in
voxel or pixel value to temperature lookup table.

[0009] Theinvention may take form in various components
and arrangements of components, and in various steps and
arrangements of steps. The drawings are only for purposes of
illustrating the preferred embodiments and are not to be con-
strued as limiting the invention.

[0010] FIG. 1 schematically illustrates an example imaging
system in connection with a computing device configured for
real-time temperature monitoring of tissue of interest for
interventional procedures using image data.

[0011] FIG. 2 illustrates arelationship between a change in
voxel or pixel value and temperature of the tissue the voxel or
pixel represents.

[0012] FIG. 3 illustrates a baseline image with a tempera-
ture map superimposed over a volume or region of interest.

[0013] FIG. 4illustrates an example method for monitoring
tissue temperature during an interventional procedure.

[0014] The following describes an approach for generating
and presenting a thermal map for a volume or region of
interest in an object or subject for a needle based interven-
tional procedure, such as RF, laser, microwave, HIFU, etc.
ablation and/or pharmaceutical delivery, based on baseline
and intermittent CT data, such as cone beam CT and/or con-
ventional CT data, and/or x-ray or fluoroscopy data. Gener-
ally, the thermal map is generated and presented in real-time
(i.e., as the ablation or pharmaceutical delivery is being per-
formed), which allows the interventionalist to mitigate under-
ablation (and hence subsequent ablation to finish the abla-
tion), over-ablation, and ensure adequate safety margins.
Furthermore, it mitigates risk of infection and/or bleeding
related to insertion of thermocouples to measure temperature
in the volume or region of interest. Moreover, the approach
compensates for patient motion (e.g., due to breathing, etc.)
and the low resolution image data.

[0015] FIG. 1 schematically illustrates an imaging system
100. For sake of brevity and clarity, the following discusses
the approach in connection with a C-arm CT scanner. How-
ever, the imaging system 100 can alternatively be a conven-
tion CT scanner or x-ray imager. The scanner includes sta-
tionary portion 102, which can be mounted to a ceiling, wall,
floor, generally stationary device in an examination room, a
portable device with wheels or the like which can be readily
transported into and out of the examination room, etc. A
C-arm 104 is pivotably coupled to the stationary portion 102
via a coupling 106 and is configured to pivot through a pre-
determined arc (e.g., at least 180 degrees). The C-arm 104 can
be pivoted before, during and/or after a scanning.

[0016] A radiation source 108 is coupled to one end of the
C-arm 104, and a radiation sensitive detector array 110 is
coupled to the other end of the C-arm 104. The radiation
source 108 is separated from the detector array 110 forming
an examination region 112 there between. A suitable detector
array 110 includes a two-dimensional (2D) detector array
such as a flat panel detector or the like. The detector array 110
generates a signal in response to detecting radiation. At least
one of source 108 or the detector 110 may also move inde-
pendent of the C-arm 104, for example, towards one another
and/or displaced within a sleeve along the C-arm 104. The
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radiation source 108/detector array 110 can be used to acquire
cone beam CT, fluoroscopy, and/or other image data.

[0017] A subject support 114 supports a subject in the
examination region 112. A reconstructor 117 reconstructs the
signal output by the detector array 110 and generates volu-
metric image data. A console 119 controls the imaging system
100, including pivoting the C-arm 104 to a particular angular
orientation with respect to the examination region 112, acti-
vating the source 108 to emit radiation, activating the detector
array 110 to detect radiation, and receiving and/or conveying
information with another device.

[0018] An interventional device holder 116 includes a
device support 118 for holding an interventional device, an
arm 120 for positioning the device support 118 and hence an
interventional device supported thereby, and a base 122 that
removably affixes to the subject support 114 and supports the
arm 120. The arm 120 may be moveable through manual
and/or electronic means. Aninterventional device 124 such as
an ablation device is shown supported by the device support
118. An interventional device controller 126 controls the
interventional device 124, for example, turning the device on
and off. In the illustrated embodiment, the interventional
device controller 126 includes hand activated controls, such
as a joy stick or the like, that affix to the subject support 114
and control the interventional device 124. In another instance,
a foot activated control such as a foot pedal or the like can be
used to control the interventional device 124.

[0019] A computing apparatus or device 128 processes
imaging data, such as imaging data generated by the imaging
system 100 and/or one or more other imaging systems. The
image data includes baseline image data, for example, image
data from a scan after needle placement or after needle re-
placement to another position and before the needle is used
for an interventional procedure to confirm needle position.
The image data also includes intermittent image data, for
example, image data from one or more scans acquired at one
or more different time points during the needle based inter-
ventional procedure, for example, to monitor progress of the
needle based interventional procedure, such as the tempera-
ture of the tissue being treated and surrounding tissue. From
the baseline and intermittent image data, the computing appa-
ratus 128 generates a thermal map for a predetermined vol-
ume or region of interest. As described in greater detail below,
the thermal map allows for real-time temperature monitoring
while compensating for motion and indicates heat distribu-
tion of tissue being treated without using specialized devices
such as thermocouples, which may lengthen the procedure,
increase the risk of complications (e.g., due to additional
needles), and only provide a single point temperature.

[0020] A treatment planner 146 allows an intervention list
to plan and/or modify an interventional procedure plan based
on the baseline, intermittent, thermal map, and/or other infor-
mation. By way of non-limiting example, the baseline image
data and the temperature map can be used by the intervention
list to ensure proper needle placement, complete ablation, and
mitigation of damage to healthy tissue. For example, from
this data, the intervention list can decide whether the needle
placement is appropriate or needs to be moved, whether to
continue or stop the ablation based on the temperature of the
tissue being treated and/or surrounding tissue, etc. A treat-
ment navigator 148 visually presents image data that guides
the intervention list with inserting and placing the interven-
tional needle with respect to the tissue to be treated.
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[0021] Inthe illustrated embodiment, the computing appa-
ratus 128 includes an optional recommender 150. The recom-
mender 150, in one instance, provides guidance back to the
user regarding on the generated thermal map via the display
145, audio, and/or otherwise. In one non-limiting instance,
the guidance demonstrates where additional heat is needed
and optionally provides a path that will ensure the thermal
dose is delivered satisfactorily. In another non-limiting
instance, the guidance, if'a thermal procedure plan is satisfied,
provides data that can be used for updating the plan in “real-
time,” thereby tracking the progress of the treatment.

[0022] Inthe illustrated embodiment, the computing appa-
ratus 128 includes an interventional device identifier 130, a
volume or region of interest identifier 132, an image registra-
tion component 134 and registration algorithm(s) 136, a ther-
mometry image generator 138 and difference algorithm(s)
140, and a thermal map generator 142 and a change in value
to temperature lookup table 144. The computing apparatus
128 includes at least one processor that executes at least one
computer readable instruction stored in computer readable
storage medium, such as physical memory or other non-
transitory storage medium to implement one or more of the
components 130, 132, 134, 138, or 142. The processor may
also execute one or more computer readable instructions car-
ried by a carrier wave, a signal or other transitory medium.

[0023] The interventional device identifier 130 identifies,
in the example, the interventional device needle tip in the
baseline image data and in the intermittent image data. In one
instance, the interventional device identifier 130 identifies the
tip using an automatic object of interest identifying algo-
rithm. In another instance, the interventional device identifier
130 identifies the tip based on user input, for example, iden-
tification of the tip using a user identified tip perimeter, a user
positioned and size adjusted predetermined geometrical
shape, etc. Results of automatic, semi-automatic and manual
approaches are confirmed and can be changed by an autho-
rized user.

[0024] The volume or region of interest identifier 132 iden-
tifies a volume or region of interest about the identified abla-
tion needle tip (or an ablation zone) in the baseline image data
and in the intermittent image data. In one instance, the volume
or region of interest identifier 132 identifies the volume or
region of interest using an automatic region of interest algo-
rithm, for example, based on a predetermined margin outside
the identified tip region. In another instance, the region of
interest identifier 132 identifies the region based on user
input, for example, a user identified region outside the iden-
tified tip region. Pre-determined manufacturer zones can also
be used to facilitate identifying the volume or region of inter-
est. Results of automatic, semi-automatic and manual
approaches are confirmed and can be changed by an autho-
rized user.

[0025] The image registration component 134 registers the
baseline and intermittent image data based on one or more of
the registration algorithms 136, including rigid and/or elastic
(non-rigid) registration algorithms. An example of a suitable
registration algorithm is a deformable image registration that
compensates for motion between the baseline and intermit-
tent acquisitions such as breathing and/or other motion. The
following discusses a non-limiting example of such an algo-
rithm.
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[0026] Givena baseline image I, and an intermittent image
I, defined on a domain Q (QeR’ in the case of volume
registration), the images are related as shown in EQUATION
1:

@)= (T2), EQUATION 1

for all x on Q, involving a geometric B-spline deformation T
and a non-linearity h explaining the changes of appearance
between corresponding points. The deformation T can be
estimated on a sparse grid Q' Q (1Q'<<IQI) of control
points, as shown in EQUATION 2:

Tx=54Z 00, pUR-5,DA, EQUATION 2

where A, is the displacement vector of the control point X,,.
Moving a control point results in a local deformation of the
image around it; the weighting function p measures the con-
tribution of a control point in Q' to the displacement of a point
in Q.

[0027] The deformation field is found by minimizing the
criterion of point-wise similarity between the target and
deformed source images, as shown in EQUATION 3:

1 » ; ; EQUATION 3
EgoalT) = ] E fﬂ (le = xplhd (2 (x), [ (Tx) dx,
s 0
pefY

where d is some similarity function. In order to avoid folding
on the deformation grid, a smoothness term on T 1s added,
rendering EQUATION 4:

1 EQUATION 4
Eanoon(T) =t ), 8V,

pelY

For one solution, EQUATION 3 can be posed as an assign-
ment problem in the following way”: Let L={u’, ..., u*} be
adiscrete set of labels corresponding to aquantized version of
the deformation space ®@={A', . .. A*}. A label assignment
u,el. to a grid node x,€€" is associated with displacing the
node by the corresponding vector A™.

[0028] The deformation field associated with a certain dis-
crete labeling u:Q'—=Lis T x=x4% o, p(|[x—x,|[) A*?. EQUA-
TION 3 can thus be posed as discrete Markov random field
(MRF) optimization with respect to the labeling, as shown in
EQUATION 5:

) 1 ) EQUATION 5
Eonoom(T) = mEroral W)=

1
1 f o e =% IDd (), h(T0)dx +
O

pe’

1
T 2, $0¥adsh =

petY

1 ) 1
o] Z V() + ol Z Z Vgt 4,
peq

pel’ 9eN(p)

whereV, is a singleton potential function representing a local
dissimilarity measure, while V,,, are the pairwise potential
functions. For optimizing the resulting MRF, an optimal label
is assigned to each node so that the MRF energy in EQUA-
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TION 5 is minimized. To this end, a discrete optimization
technique that builds upon principles drawn from the duality
theory of linear programming can be used to efficiently derive
almost optimal solutions for a very wide class of NP-hard
MRFs.

[0029] Again, the above registration example is provided
for explanatory purposes and is not limiting; other registra-
tion algorithms are also contemplated herein.

[0030] The thermometry image generator 138 generates
thermometry image data from the registered baseline and
intermittent image data based on one or more of the thermom-
etry algorithms 140. An example of a suitable thermometry
algorithm 140 is a Wronskian change detector, which detects
adifference between the baseline and intermittent image data,
where a temperature difference is a component of the overall
difference between the image data. An example of a Wron-
skian change detector that detects changes in low signal to
noise ratio image data is discussed in Durucan et al., “Change
detection and background extraction by linear algebra,” Pro-
ceedings of the IEEE. 89, 1368-1381, 2001.

[0031] Generally, the Wronskian change detector is based
on: 1) vector model of images, and 2) concepts of linear
dependence/independence between vectors. By modeling the
image as an ensemble of vectors, changes in their lengths or
directions (with respect to the initial unchanged status) can be
exploited. Mathematically, this corresponds to the concepts
of linear dependence and linear independence, respectively.
The decision as to whether a vector is linearly dependent on
another provides the possibility to decide whether there has
been a change or not. One test for determining the linear
dependence or independence of vectors is the Wronskian
determinant.

[0032] By way of example, consider a region of support
also referred as block defined about a center pixel. The num-
ber of pixels, w, on either side of this center pixel is defined as
the halfwidth of the block. The window width of the region of
support is 2w+1. The vectorization of a 3x3 image block
(w=1), denoted by vec(I), can be represented as shown in
BQUATION 6:

X1 X2 X3
I=|xy X X3

X31 %32 A33

EQUATION 6

vec(I) = [xy1, X12, X13, X21, ¥22, %23, ¥31, X32, ¥33].

[0033] The use of a vector of a block in image allows us to
make a decision as to whether there is a change based on the
possibility that the vector is linearly dependent on another or
not. The above definition of vectorization of EQUATION 6
can be extended to 3D data. For example, a 3x3x3 image
block w=1 can be vectorized as shown in EQUATION 7:

X X X1y EQUATION 7
Iy =% Xou Xoz
X3l X3k  X33%

vec(I) =[ vec(ly) vec(lp) vec(l3)],

[0034] whereI, Vke[-1, 1] is the k™ slice in the 3D image
series.
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[0035] A Wronskian model for detecting changes between
two images (modeled as two vectors I, and 1,) is shown in
EQUATION 8:

EQUATION 8

[0036] wherex,andy, are corresponding components in the
vectors | and J, respectively. n is the size of the region of
support. If W=0, then changes occur in the position of pixel i,
otherwise there is no change. In fact, W computes the negative
of the sum of the first derivative of the function

The value would increase as the ratio of components
increases. Change to this value would be due to contribution
of a block of pixels rather than any individual pixel alone.
[0037] Again, the above approach to generating thermom-
etry image data is provided for explanatory purposes and is
not limiting, and other approaches such as a sum of squared
differences for example are also contemplated herein.
[0038] The thermal map generator 142 generates a pixel-
wise or voxel-wise thermal or temperature map (e.g., a stack
of 2D images centered on the volume of interest) for a region
or volume of interest based on the thermometry image and the
change in value to temperature lookup table 144, which pro-
vides a mapping between the thermometry image data and
temperature. To generate the change in value to temperature
lookup table 144, a uniform phantom such as an agar gel,
water, anatomical, and/or other phantom is scanned at a ref-
erence temperature (e.g., room temperature or 37° C.) and
one or more other predetermined or known higher tempera-
tures (e.g., 42° C.1082° C.).

[0039] A least-squares, Chi-square, and/or other approach
can be used to fit a linear, cubic, etc. model to the mean value
of the thermometry image and the temperatures such that
2 v~y &sp. .., )Y where m=2 or 4. The result can be
minimized for the best fit, where n is number of data points
and p, are the parameters of the model. The number of param-
eters m for linear and cubic models are 2 and 4, respectively.
The inverse of the calibration is stored as the lookup table
144.

[0040] FIG. 2 shows an example change in value to tem-
perature lookup table 144. In FIG. 2, a y-axis 202 represents
the mean value of the thermometry image value and an x-axis
204 represents temperature. In this example, curves are gen-
erated based on five (5) data 206, 208, 210, 212 and 214
acquired at five (5) different temperatures. A first curve 216
corresponds to a linear fit to the data 206-214, and a second
curve 218 corresponds to a cubic fit to the data 206-214. The
curves 216 or 218 can be saved as the lookup table 144, a
polynomial, and/or otherwise.

[0041] The computing apparatus 128 presents the baseline
image and the temperature map viaa display 145. An example
of this is shown in connection with FIG. 3, which shows a 2D
baseline image 302 or a 2D baseline image 302 from the
volume image data with a 2D temperature map or map portion
304 (of a 3D temperature map) corresponding thereto super-
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imposed over the identified needle tip. One axis 306 of the
temperature map portion 304 represents pixels or voxels
along one direction, and the other axis 308 of the temperature
map portion 304 represents pixels or voxels along another
direction, such that the temperature map portion 304 repre-
sents a 2D array of pixels or voxels of the region or volume of
interest.

[0042] In this example, a gray-scale is used to represent
temperature, with white representing a baseline temperature
of the region or volume of interest before heating, black
representing a pre-determined maximum temperature of
interest, and levels of gray there between transitioning from
lighter to darker with an increase in temperature. In a varia-
tion, white can be used to represent the pre-determined maxi-
mum temperature of interest and black can be used to repre-
sent the baseline temperature of the region or volume of
interest before heating. In another variation, color can be used
instead of the gray scale.

[0043] In the illustrated example, a first region 310 around
the needle tip is hotter than a second region 312 farther away
from the needle tip, and this is visually shown through the
different shades of gray. An optional graphical key 314 can be
visually presented mapping gray level to temperature value
using tics 316 corresponding particular temperatures and/or
corresponding to predetermined temperature increments
between particular upper and lower temperatures T,, 318 and
T, 320, and/or other approaches.

[0044] A 3D volume (the entire volume or a sub-portion
thereof) can additionally or alternatively be displayed in a 3D
volume rendered, with the 3D temperature map (the entire
map or a sub-portion thereof) superimposed over the volume
of interest about the identified needle tip. Optionally, the 3D
temperature map can be superimposed to the predetermined
treatment plan displaying the desired ablated 3D zones. Addi-
tionally or alternatively, one or more 2D slices, for example,
in an axial, sagittal, coronal, curved, oblique, etc. planes and
displayed along with a corresponding portion of the 3D tem-
perature map.

[0045] Optionally, one or more of the intermittent image
data, the thermometry image data, and/or other data is also
displayed, in addition to or in alternative to the baseline image
and the temperature map.

[0046]

[0047] Itis to be appreciated that the ordering of the acts in
the methods described herein is not limiting. As such, other
orderings are contemplated herein. In addition, one or more
acts may be omitted and/or one or more additional acts may
be included.

[0048] At 402, a baseline scan is performed, generating
baseline image data. As discussed herein, for an ablation
procedure, the scan may correspond to a scan after initial or
subsequent re-placement of an interventional device needle
with respect to tissue to be treated.

[0049] At 404, the interventional device needle is identified
in the baseline image data.

[0050] At 406, a volume or region of interest about the
interventional device needle is defined in the baseline image.
[0051] At 408, during the interventional procedure, an
intermittent scan is performed, generating intermittent image
data.

[0052] At 410, the interventional device needle is identified
in the intermittent image data.

FIG. 4 illustrates a non-limiting method.
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[0053] At 412, the volume or region of interest is also
defined about the interventional device needle in the intermit-
tent image data.

[0054] At 414, the baseline and intermittent image data are
registered. As discussed herein, a suitable registration algo-
rithm includes a deformable registration that compensates for
subject motion.

[0055] At 416, thermometry image data is generated based
on the registered baseline and intermittent image data. As
discussed herein, a suitable algorithm includes the Wronskian
change detector algorithm.

[0056] At 418, a temperature map for the volume or region
of interest is generated based on the thermometry image data
and a mapping between change in voxel or pixel value and
temperature.

[0057] At 420, at least the baseline image and the tempera-
ture map are visually presented through a display monitor.
Optionally, one or more of the intermittent image data, the
thermometry image data, and/or other data is also displayed,
in addition to or in alternative to the baseline image and the
temperature map.

[0058] At 422, optionally, the temperature map is used to
adjust the interventional procedure plan.

[0059] At least a portion of the above may be implemented
by way of computer readable instructions, encoded or embed-
ded on computer readable storage medium, which, when
executed by a computer processor(s), cause the processor(s)
to carry out the described acts. Additionally or alternatively,
atleast one of the computer readable instructions is carried by
a signal, carrier wave or other transitory medium.

[0060] The invention has been described with reference to
the preferred embodiments. Modifications and alterations
may occur to others upon reading and understanding the
preceding detailed description. It is intended that the inven-
tion be constructed as including all such modifications and
alterations insofar as they come within the scope of the
appended claims or the equivalents thereof.

1. A computing device, comprising:

a thermometry image generator that generates thermom-
etry image data based on baseline computed tomogra-
phy image data and subsequently acquired intermittent
computed tomography image data, wherein the ther-
mometry image data includes voxels or pixels indicating
a change in a temperature in a volume or region of
interest, wherein the volume or region of interest is
heated between the acquisition of the baseline and the
acquisition of the intermittent computed tomography
image data, and wherein the thermometry image genera-
tor employs a Wronskian change detector algorithm to
generate the thermometry image data; and

a thermal map generator that generates a thermal map for
image data voxels or pixels representing a volume or
region of interest of a subject based on th thermometry
image data, and a predetermined change in value to
temperature lookup table; and

a display that visually presents the thermal map in connec-
tion with image data of the volume or region of interest.

2. The computing device of claim 1, wherein the change in

temperature corresponds to heating from an interventional
procedure and the visually presented thermal map indicates
whether the interventional procedure is complete.

3. The computing device of claim 2, wherein the visually

presented thermal map indicates whether an interventional
procedure margin is adequate.
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4. The computing device of claim 1, wherein the

thermometry image generator employs the Wronskian

change detector algorithm to detect a temperature dif-
ference between the baseline computed tomography
image data and the subsequently acquired intermittent
computed tomography image data.

5. The computing device of claim 1, wherein the baseline
image data and the intermittent image data include low or
high resolution image data and the thermometry image gen-
erator employs a low or high image data resolution algorithm
to generate the thermometry image data.

6. The computing device of claim 4, wherein the Wron-
skian detector algorithm includes a vector model of images
and an indication of at least one of a linear dependence or
independence between vectors, and the thermometry image
generator models the image data as an ensemble of vectors,
changes in vector lengths or vector directions.

7. The computing device of claim 1, further comprising:

animage registration component that receives and registers

the baseline image data and the intermittent image data,
wherein the thermometry image generator generates the
thermometry image data based on registered image data.
8. The computing device of claim 7, wherein the image
registration component employs a deformable registration
algorithm to register the baseline image data and the inter-
mittent image data.
9. The computing device of claim 8, wherein the deform-
able registration algorithm compensates for motion of the
volume or region interest of interest between acquisitions for
obtaining the baseline and intermittent image data.
10. The computing device of claim 1, wherein the volume
or region of interest, includes a margin defined about an
interventional device needle located in tissue to be treated.
11. The computing device of claim 1, wherein the thermal
map is displayed using a predetermined gray scale which
indicates a relative temperature difference between different
regions of the volume or region of interest.
12. The computing device of claim 11, wherein the thermal
map includes a key which maps a gray level to a correspond-
ing temperature value.
13. The computing device of claim 1, wherein the thermal
map is displayed using a predetermined color map which
indicates a relative temperature difference between different
regions of the volume or region of interest.
14. The computing device of claim 13, wherein the thermal
map includes a key which maps a color to a corresponding
temperature value.
15. A method, comprising:
generating thermometry image data based on baseline
computed tomography image data and subsequently
acquired intermittent computed tomography image data,
wherein the thermometry image data includes voxels or
pixels indicating a change in a temperature in a volume
or region of interest, wherein the volume or region of
interest is heated between the acquisition of the baseline
and the acquisition of the intermittent computed tomog-
raphy image data, and wherein the thermometry image
generator employs a Wronskian change detector algo-
rithm to generate the thermometry image data; and

generating a thermal map for image data voxels or pixels
representing a volume or region of interest of a subject
based on the thermometry image data and a predeter-
mined change in voxel or pixel value to temperature
lookup table.
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16. The method of claim 15, further comprising:

visually presenting the thermal map in connection with

image data of the volume or region of interest.

17. The method of claim 16, wherein the thermal map is
displayed using a predetermined gray scale or color mapping
which indicates a relative temperature difference between
different regions of the volume or region of interest.

18. The method of claim 17, further comprising:

visually presenting a key along with the thermal map,

wherein the key maps a gray level or color to a corre-
sponding temperature value,

19. The method of claim 15, further comprising:

employing the thermal map to adjust an interventional

procedure plan for treating tissue of the volume or region
of interest.

20. The method of claim 19, wherein the adjustment
includes at least one of continuing the interventional proce-
dure or terminating the interventional procedure.

21. The method of claim 15, further comprising:

employing the Wronskian change detector algorithm to

detect a temperature difference between the baseline
computed tomography image data and the subsequently
acquired intermittent computed tomography image data.

22. The method of claim 21, wherein the Wronskian
change detector algorithm includes a vector model of images
and an indication of at least one of a linear dependence or
independence between vectors, and the thermometry image
generator models the image data as an ensemble of vectors,
changes in vector lengths or vector directions.
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23. The method of claim 15, further comprising:

registering the baseline image data and the intermittent

image data, wherein the thermometry image generator
generates the thermometry image data based on regis-
tered image data

24. The method of claim 23, wherein the image registration
component employs a deformable registration algorithm that
compensates for motion of the volume or region of interest to
register the baseline image data and the intermittent image
data.

25. A computer readable storage medium encoded with
computer readable instructions, which, when executed by a
processet, causes the processor to:

generate thermometry image data based on baseline com-

puted tomography image data and subsequently
acquired intermittent computed tomography image data,
wherein the thermometry image data includes voxels or
pixels indicating a change in a temperature in a volume
or region of interest, wherein the volume or region of
interest is computed tomography image data, and
wherein the thermometry image generator employs a
Wronskian change detector algorithm to generate the
thermometry image data

generate and display a thermal map for image data voxels

or pixels representing a volume or region of interest of'a
subject during an interventional procedure based on the
thermometry image data and as predetermined change in
voxel or pixel value to temperature look-up table.

* ok %k
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