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Description
BACKGROUND AND SUMMARY OF THE INVENTION
Field of the Invention

[0001] This invention relates generally to systems for
the treatment of cancer using radiation and, more spe-
cifically, to systems for the treatment of cancer using im-
planted brachytherapy seeds.

Background and Summary of the Invention

[0002] Brachytherapy, a useful technique for treating
cancer, is a radiation treatment using a solid or enclosed
radioisotopic source positioned on the surface of the
body or a short distance from the area to be treated. With
respect to the treatment of prostate cancer, for example,
brachytherapy involves the implantation of radiotherapy
seeds into the prostate. The effectiveness of the brach-
ytherapy treatment depends, however, on the particular-
ized placement of the implanted brachytherapy seeds to
achieve a preferred radiotherapy dose.

[0003] The radiotherapy dose administered to the pa-
tient may be calculated by determining the three dimen-
sional (3D) positions of the brachytherapy seeds with
respect to the affected tissue. In practice, computed to-
mography (CT) imaging is typically used after the implant
to determine both the boundaries of the affected tissue
and the locations of the implanted seeds. However, most
operating rooms do not have CT equipment. This makes
it difficult or impossible to evaluate and subsequently ad-
just the does of radiotherapy to the patient during the
implant (i.e. intraoperatively). Post-operatively, if "cold
spots" are found, the patient must be re-treated.

[0004] In order to intraoperatively evaluate the dosim-
etry to the patient imaging modalities commonly found
in an operating room must be used. For many proce-
dures, ultrasound is the preferred modality for visualizing
the tissue boundaries, and fluoroscopy (X-ray) imaging
is the preferred modality for visualizing the brachytherapy
seeds. Despite the development of more echogenic
seeds (e.g. Amersham EchoSeed™) and more sophisti-
cated ultrasound imaging devices, it remains difficult for
human observers to accurately identify implanted seeds
in ultrasound data. Because seeds reflect more sound
energy than tissue, they show up as relatively bright spots
in the ultrasound image. Fluoroscopy images clearly
show the projected 2D positions of the seeds. Because
seeds absorb more X-ray energy than tissue, they show
up asrelatively dark spots in the fluoroscopy image. How-
ever, tissue boundaries are not clearly visualized in fluor-
oscopy images.

[0005] Related U.S. Patent Application Serial No.
09/875,031, filed June 7, 2001 and from which WO
02/098285 claims priority, discloses systems and meth-
ods for determining the positions of implanted seeds us-
ing, at least in part, markers placed inside a patient. The
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markers are point objects capable of being visualized in
both ultrasound and fluoroscopy images. They provide
the "tie points" needed to register the fluoroscopy coor-
dinate system with the ultrasound coordinate system. In
this approach, markers and tissue boundaries are visu-
alized with ultrasound and markers and seed positions
are visualized with fluoroscopy. By reconstructing 3D
seed positions from the fluoroscopy images and regis-
tering them to the ultrasound images through the use of
the markers, the seed positions may be localized with
respect to the affected tissue boundaries and the radio-
therapy dose to the patient calculated.

[0006] It is generally known that placing markers
around an affected tissue provides a better geometry for
registration. For example, it is known that registration is
impossible if all markers lie on the same 3D line or within
the same 3D plane. Various systems, such as gold
seeds, needle tips, and a "dummy" probe, have been
used to provide markers around affected tissue. Howev-
er, as will be apparent from the following discussion, each
of these systems has its disadvantages.

[0007] Gold seeds have been used as fiducial mark-
ers. Existing gold seeds, which are FDA-approved for
permanent implantation, are well visualized in fluorosco-
py images, but less well visualized in ultrasound images.
In order to provide a geometry for better registration, the
gold seeds are typically placed around an affected tissue.
However, in certain situations, it may be difficult or im-
possible to place the gold seeds in this manner. Further-
more, gold seeds in the ultrasound images may not be
easily located by either existing software or physicians.
Errorsinlocating the gold seeds in the ultrasound images
may subsequently cause an inaccurate determination of
ultrasound seed positions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The drawings illustrate the design and utility of
preferred embodiments of the present invention, in which
similar elements are referred to by common reference
numerals. In order to better appreciate how advantages
and objects of the present invention are obtained, a more
particular description of the present invention briefly de-
scribed above will be rendered by reference to specific
embodiments thereof, which are illustrated in the accom-
panying drawings. Understanding that these drawings
depict only typical embodiments of the invention and are
not therefore to be considered limiting of its scope, the
invention will be described and explained with additional
specificity and detail through the use of the accompany-
ing drawings in which:

FIG. 1 is a 3D illustration of an implant geometry,
particularly showing an environment in which pre-
ferred embodiments of the present invention may be
operated;

FIG. 2 is a side view of an implant geometry used
with an embodiment of the present invention;
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FIG. 2ais a side view illustrating fluoroscopy images
being obtained at different angles;

FIG. 2b is a schematic illustration of three fluoros-
copy images showing the seeds;

FIG. 3 is a block diagram of an embodiment of the
system of the present invention;

FIG. 4 is a flow chart diagram of an embodiment of
a method according to the present invention;

FIG. 5 is a flow chart diagram for one of the steps of
FIG. 4;

FIG. 6 is a screen shot display of a graphical user
interface according to one embodiment of the
present invention;

FIG. 7 is a screen shot display of a graphical user
interface according to another embodiment of the
present invention; and

FIG. 8 is a block diagram of the structure of a user
interface of an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0009] The presentinvention comprises a system and
method for determining the three-dimensional (3D) po-
sitions of one or more radiotherapy seeds with respect
to an area of affected tissue, such as a prostate, using
ultrasound and fluoroscopy imaging, so that a radiother-
apy dose may be calculated. One embodiment of the
present invention may be used to determine the 3D po-
sitions of implanted brachytherapy seeds. An alternative
embodiment of the invention may be used to determine
the 3D positions of implanted objects other than brach-
ytherapy seeds.

[0010] Referring now to the drawings, in which similar
or corresponding parts are identified with the same ref-
erence numeral, FIG. 1 illustrates a 3D view of an implant
geometry and an environment in which one embodiment
of the invention may be operated. As shown in FIG. 1,
an ultrasound probe 10 is inserted into the rectum (be-
neath prostate 20) and images are formed in vertical slic-
es through the prostate 20. These vertical image slices
are planes parallel to the plane of template 30. As shown
in FIG. 1, the template 30 is registered with respect to
the ultrasound probe 10. Brachytherapy seeds 40 may
be preloaded into hollow needles 50 (not shown) and
delivered through specific pre-planned holes in the tem-
plate 30. In particular, the needles 50 are inserted into
the prostate 20 using the template 30 as a guide until
seen on the ultrasound image appearing on an ultra-
sound image monitor (not shown). The therapist may
then appropriately position the seeds 40 within the pros-
tate 20. The seeds 40 are held in place by a central stylet
while the needle 50 is withdrawn, leaving the seeds 40
embedded at discrete locations within a region of the
prostate 20. Other methods known in the art may also
be used to deliver the seeds 40 and image the prostate
20.

[0011] Typically, a therapist plans where within a re-

10

15

20

25

30

35

40

45

50

55

gion of the prostate 20 to implant the brachytherapy
seeds 40. Brachytherapy seeds 40 are preferably cylin-
ders that are 0.8 mm in diameter and 4.5 mm in length.
However, implant having other geometry and/or dimen-
sion may also be used. The planned 3D position of a
seed 40 is specified by a triple of (x, y, z) coordinates
specifying the center of the seed 40 cylinder. The (x, y)
coordinates of the triple correspond to one of the holes
in the template 30. The x coordinate corresponds to a
horizontal axis of the template 30, and the y coordinate
corresponds to a vertical axis of the template 30. The z
coordinate is the depth within the prostate 20 (i.e., some
vertical plane parallel to the template 30, between the
apex and the base, and orthogonal to the axes of the
probe 10). Other coordinate systems may also be used.
[0012] Further details concerning radioactive seed im-
plant planning, delivery, and verification may be found in
Wallner, Kent et al., "Prostate Brachytherapy Made Com-
plicated (2nd Edition)," SmartMedicine Press, Seattle,
Washington, 2001. Further details concerning standards
for practice with respect to prostate seed implant brach-
ytherapy may be found in articles by Nag, Subir et.al."In-
traoperative Planning and Evaluation of Permanent
Prostate Brachytherapy: Report of the American Brach-
ytherapy Society," Int. J. Radiation Oncology Biol. Phys.,
Vol. 51, No. 5, pp. 1422-1430, 2001; Yu, Yan et al., "Per-
manent Prostate Seed Implant Brachytherapy: Report of
the American Association of Physicists in Medicine Task
Group No. 64," Medical Physics, Volume 26, No. 10, Oc-
tober 1999, pp. 2054-2076, and Nag, Subir et al., "Amer-
ican Brachytherapy Society (ABS) Recommendations
for Transperineal Permanent Brachytherapy of Prostate
Cancer," International Journal of Radiation Oncology Bi-
ology Physics," Volume 44, No. 4, 1999, pp. 789-799.
[0013] AsshowninFIG. 2, seeds 40 are located in the
prostate 20 at points usually between the base plane 60
and the apex plane 70. Although only five brachytherapy
seeds 40 are shown, in one embodiment, 70-120 seeds
may be implanted. As will be described in further detail,
operation of the system or method of the present inven-
tion involves the use of imaging systems, such as, an
ultrasound and fluoroscope imaging systems. FIG. 2
shows the ultrasound probe 10 of FIG. 1 for generating
an ultrasound image, and an X-ray source 80 and a fluor-
oscopy image detector 90 for generating a fluoroscopy
image. The seeds 40 are generally well visualized in
fluoroscopy images, but may not always be seen in the
ultrasound images.

[0014] In one embodiment, the X-ray source 80 is ca-
pable of being positioned such that several fluoroscopy
images may be taken at different positions. By way of
example, three fluoroscopy images 201, 202, and 203
obtained at different positions are shown in FIG. 2a. Al-
though three fluoroscopy images are shown, the system
and method described herein may obtain two or more
fluoroscopy images of the seeds 40. The relative posi-
tions between the fluoroscopy images need not be pre-
determined. In a preferred embodiment, a user may ori-
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ent the fluoroscopy imaging equipment "on-line" to max-
imize the visibility of seeds 40. For example, in some
imaging positions, many of the seeds 40 may overlap
and not be distinguishable. These positions are to be
avoided. As those skilled in the art will appreciate, imag-
ing positions with greater "disparity” (i.e., greater sepa-
ration between the images) lead to more accurate 3D
reconstruction of the seed positions. FIG. 2b is a sche-
matic illustration of the three fluoroscopy images
201-203.

[0015] FIG. 3illustrates a seed localization system 100
according to an embodiment of the present invention. In
one embodiment, the seed localization system 100 is
implemented using programmed instructions adapted to
be executed on a standard personal computer platform.
In this embodiment seed localization system 100 in-
cludes a computer 110 having a standard set of periph-
erals, including a monitor 115, a keyboard 120, and a
mouse 125. The computer 110 also includes a micro-
processor 130, a memory 135, and a computer-readable
medium 140. The computer-readable medium 140 may
be, for example, a hard disk drive, a floppy disk drive, a
CD, afloppy disk, or a server. A standard operating sys-
tem software 145, such as Microsoft® Windows™, may
be stored in the computer-readable medium 140. In one
embodiment, the seed localization system 100 may also
include a user interface 150 or other software, the exe-
cution of which allows a user to interact with the seed
localization system 100. The user interface 150 may also
be stored in the computer-readable medium 140.
[0016] The computer-readable media 135 or 140 may
be embodied with a set of programmed instructions that
cause one or more processors 130 to perform a series
of steps (such as any combination of Steps 400-418,
which will be discussed with reference to FIG. 4). For
example, application software instructions may be imple-
mented in the seed localization system 100 using the C
or C++ programming languages. Alternatively, the sys-
tem 100 may be connected to an electronic network 165
through a network interface 160 for receiving pro-
grammed instructions.

[0017] The seed localization system 100 may further
include a medical image interface 170 capable of receiv-
ing signals or data from a fluoroscopy imaging device
175, and/or other imaging devices 178. The seed local-
ization system 100 may also include one or more imaging
devices, such as the ultrasound probe 10 of FIG. 1 and
the fluoroscopy imaging device 175. In an alternative em-
bodiment of the invention, the network interface 160 may
be used to receive image signals or data. For example,
the medicalimages may be obtained through the network
interface 160 via a connection to the electronic network
165. The seed localization system 100 is capable of stor-
ing image data and processing stored image data in the
manner described herein.

[0018] FIG. 4 illustrates a method 200 in accordance
with a preferred embodiment of the present invention.
The ordering or combination of the steps may differ from
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that shown in FIG. 4, as would occur to one of ordinary
skill in the art. Furthermore, the columns are labeled to
identify the entities that perform the steps of the method
in one embodiment of the invention. For example, the
column labeled "User and/or Software" denotes that the
steps therein may be performed by the user using the
system 100, and/or automatically by the system 100, in
different embodiments as described below. The column
labeled "Software" denotes that the steps therein are
preferably performed by the system 100, but may also
be performed by the user using the system 100. Itis noted
that this labeling of entities is merely illustrative, and that
other entities or combination of entities can be employed
to practice the method described herein. As used in this
specification, "ultrasound coordinate system" refers to
the coordinate system used to identify the position of im-
ages in an ultrasound image space, and "fluoroscopy
coordinate system" refers to the coordinate system used
to identify the positions of images in a fluoroscopy image
space.

[0019] First, preferably under ultrasound guidance, a
physician or an operator inserts a number (N) of brach-
ytherapy seeds 40 into a patient according to a pre-
scribed procedure. (Step 400) Seeds 40 used in brach-
ytherapy are preferably cylindrical with a diameter of 0.8
mm and a length of 4.5 mm, as discussed previously.
However, seeds 40 having other dimensions or shapes
may also be used.

[0020] Next(Step402),a 3D ultrasoundimage volume
I'is acquired where the scalar intensity at a 3D position
P in the 3D ultrasound image volume [ is I(P). In one
embodiment, ultrasound images have 8-bits of resolution
so that if P corresponds to a point that is totally black,
then /(P) =0 , and if P corresponds to a point that is totally
white, then /(P) = 255. The 3D ultrasound image volume
I represents an image volume that may be composed of
equally-sized rectangular voxels. The dimensions of the
voxels are preferably less than the dimensions of the
implanted seeds. In one embodiment, voxel dimensions
for seed imaging are 0.2 mm in the x and y dimensions
and 0.5 to 1.0 mm in the z dimension. The voxel may
also have other geometries and/or dimensions. The 3D
ultrasound image volume may be generated by using an
ultrasound imaging device, such as the probe 10, to ac-
quire a number of 2D ultrasound images while moving
the ultrasound imaging device incrementally in the direc-
tion substantially perpendicular to the planes of the 2D
ultrasound images. Commercial brachytherapy treat-
ment planning software systems, such asthe VariSeed™
system from Varian Medical Systems, may also be used
to acquire 3D ultrasound image volumes.

[0021] In Step 404, the user acquires K> 2 2D fluor-
oscopy images Jy...,Jy of the prostate 20, where the sca-
lar intensity at 2D point p in a fluoroscopy image k is Ji,
(p)- In one embodiment, fluoroscopy images have 8-bits
of resolution so that if, image k , p corresponds to a point
that is totally black, then J,(p) = 0, and if p corresponds
toa pointthat s totally white, then J,(p) = 255. Preferably,
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these images are "captured" directly from a fluoroscopy
imaging device 175, and data associated with these im-
ages are then transmitted to the system 100 through the
medical image interface 170 (as discussed with refer-
ence to FIG. 3). In another embodiment, the 2D images
are loaded from a non-volatile storage 140 or received
via an electronic network 190 according to standard pro-
tocols for medical images, such as "Digital Imaging and
Communications in Medicine" (DICOM) protocols.
[0022] Any one of several methods or combinations
thereof may be used to directly "capture" a 2D fluoros-
copy image of the prostate 20. In one embodiment, a C-
arm device having a x-ray source 80 and fluoroscopy
image detector 90 is used. The C-arm is positioned at
discrete positions that cut across the prostate 20 and
such that the seeds 40 are visible in the fluoroscopy im-
age. The acquired fluoroscopy image is then transmitted
to the system 100 through the medical image interface
170. The C-arm positions at which the images are ac-
quired do not need to be pre-determined and are chosen
to maximize the visibility of the seeds 40 and to provide
"maximum disparity" for image reconstruction according
to standard techniques known to those skilled in the art.
While fluoroscopy images are being acquired, the ultra-
sound probe 10 may be located within the patient, or
alternatively, be placed outside the patient’s body for en-
hanced image clarity.

[0023] In a preferred embodiment, in order in increase
redundancy, three (K=3) fluoroscopy images are ob-
tained. However, in alternative embodiments, two or
more than three fluoroscopy images may be used. For
the purpose of the following discussion, it will be assumed
that three (K=3) fluoroscopy images are obtained in step
404.

[0024] After three (K=3) fluoroscopy images are ac-
quired, the seeds 40 in each of the 2D fluoroscopy images
may be located using the seed localization system 100.
(Step 406) The seeds 40 may be well visualized in the
fluoroscopy images. Because the seeds 40 may absorb
more x-ray energy than tissue, the seeds 40 appear in
the 2D fluoroscopy image with lesser scalar intensity,
i.e., the seeds 40 show up as dark spots in the 2D fluor-
oscopy image. In a preferred embodiment, the seed lo-
calization system 100 automatically locates the seeds
40 using a variety of discrimination techniques known to
those skilled in the art of medical imaging. Alternatively,
the user of the seed localization system 100 may man-
ually locate the seeds 40 in the 2D fluoroscopy images.
[0025] Based onthe previous assumption that the sys-
tem 100 acquired three (K=3) fluoroscopy images in step
404, theresult of step (406) is three (K=3) sets of detected
2D points, one set per image. There may not be exactly
N points in each set, because of false-alarms (points in
the set that are in reality not seed positions) and misde-
tections (points missing from the set that should be in the
set). For the purpose of the following discussion, let
{P1.1,---,P1 N} e @ set of Ny points detected in the 15t
fluoroscopy image; {5 1,---P2 N, DE @ set of N, points
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detected in the 2nd fluoroscopy image, and {03,15+:03,N5]
be a set of N5 points detected in the 3" fluoroscopy im-
age.

[0026] In Step 408, the seed localization system 100
automatically matches or correlates the seed points be-
tween or among the 2D fluoroscopy images, i.e., re-or-
ders the points so that a point in one of the (K=3) fluor-
oscopy images corresponds with at least a point in an-
other of the fluoroscopy images, for all N number of the
seeds 40. Matching techniques known to those skilled in
the art, such as the RANSAC technique, may be used.
The RANSAC technique is described in Multiple View
Geometry (Cambridge University Press, 2000), by Hart-
ley, R. and Zisserman, A., the entirety of which is incor-
porated by reference herein. Other methods known in
the art may also be used to correspond seeds between
the fluoroscopy images.

[0027] Continuing with the previous assumption that
K=3 fluoroscopy images were obtained in step 404, in
step 410, the system 100 determines a set Sg = {P;,...,
Py} of 3D positions of the seeds 40 (in the fluoroscopy

coordinate system) based on the geometry or position of
the imaging device used to obtain the fluoroscopy images
in step 404. That is, given {pk’n|k =1,...,3;n=1,.,N},
the system estimates K=3 3x4 matrices (My,...,My} that
are associated with the geometry of the imaging device

(the camera matrices), and the set of reconstructed fluor-
oscopy 3D positions Sg={Py,...,Py} to minimize the error

()

2
. The de-

e, where: e= iz

k=l a=l

termination of the camera matrices {M,,...,M} is known
in the art, and therefore, will not be discussed in further
details. A closed form solution for this optimization prob-
lem is known in the literature (e.g. the Hartley and Zisser-
man reference given above). Because of errors in local-
izing the 2D positions {pk,,,|k =1,..,3;n =1,..,N} of the
fluoroscopy seeds, there will be errors in determining the
3D positions Sg={P4,...,P} of the reconstructed fluoros-

copy seeds. Assuming that the 2D errors are independ-
ent and identically distributed from a 2D Gaussian distri-
bution with zero-mean, the errors of each 3D position P,

may be determined from a 3D Gaussian distribution with
zero-mean and covariance matrix Z,,. The set of covari-
ance matrices Sy ={X,...,Zy} is dependent on the meas-
ured point positions {p;, .|k = 1....,3; n =1,...,N} and may
be determined using techniques known to those skilled
in the art of statistical estimation. For example, see Koch,
Karl-Rudolph, Parameter Estimation and Hypothesis
Testing in Linear Models, Springer-Verlag, 1988, the en-
tirety of which is hereby incorporated by reference.

[0028] In Step 412, the seed localization system 100
determines a 3D transformation T that best aligns the set
of 3D coordinates Sg = {P,|n = 1,...,N} of the seeds 40
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in the fluoroscopy coordinate system with the 3D ultra-
sound image volume / (determined from Step 402). Refer
to FIG. 5, which shows that the Step 412 may include a
number of sub-steps 500-510 according to a preferred
embodiment of the present invention. The ordering or
combination of the steps may differ from that shown in
FIG. 5 as would occur to one of ordinary skill in the art.
[0029] InStep 500, using any of the known techniques,
a 3D fluoroscopy image J is constructed based on the
set of 3D reconstructed seed positions Sg={P,|n=1,...,
N} and their associated 3x3 covariance matrices Sy =
{Z,|n=1,...,N} determined in step (410). Each covariance

matrix reflects an amount of uncertainty in the recon-
structed position. For example, if P,, is very certain (i.e.,

the reconstructed position is likely to be a location near
a seed), then the scalar function

exp[_._;_(p ~-P)Yz!(P-P, )] will diminish rapidly

in value as P is further away hom P, (i.e., the elements
of Z,, will be small). The opposite is true if P, is less cer-
tain. In one embodiment, the 3D fluoroscopy image J has
a domain that contains, at a minimum, all of the recon-
structed 3D points {P,|n = 1,...,N}, and J(P) represents

a characteristic, such as a color or brightness, of a voxel
or pixel at location P in the fluoroscopy coordinate sys-
tem. If P is unlikely to be a location near a seed (e.g., P
is some arbitrary point within this domain), then J(P) will
be = 0, and if P is likely to be a location near a seed, J
(P) will be = 255.

[0030] In Step 502, a set of D detected points Sp =
{P4ld=1,...,D} likely to be locations of the seeds 40 in the
ultrasound coordinate system are identified. In a pre-
ferred embodiment, the identifying of the points in the
ultrasound coordinate systemis performed automatically
by software executed by the seed localization system
100. For example, the software may implement a known
discrimination technique, such as watershed segmenta-
tion (e.g., see Russ, John C., The Image Processing
Handbook (4th Edition), CRC Press, 2002), for identify-
ing the points. In an alternate embodiment, the user may
manually identify the points that are likely to be locations
of the seeds 40 in the ultrasound coordinate system. For
example, the user may examine an ultrasound image of
atissueinwhichthe seeds 40 are placed, and determines
likely locations of some of the seeds 40.

[0031] Although not all of the seeds 40 may show up
in the ultrasound image, not all of the seeds need to be
identified. In one embodiment, the system 100 or the user
identifies at least D = 4 points in the ultrasound image
that are likely to be locations of four of the seeds 40. As
will be described below, in certain situations, and in an
alternative embodiment, the system 100 or the useriden-
tifies at least D = 3 points in the ultrasound image.
[0032] Instep 504, points in the ultrasound coordinate
system are selected and paired with coordinates of cor-
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responding seeds 40 in the fluoroscopy coordinate sys-
tem. The number of pairings selected in a group or com-
bination may vary. If the relative position between the
fluoroscopy images generated in Step 404 is known, then
at least three selected points from the ultrasound system
would be matched with the 3D coordinates of three cor-
responding seeds in the fluoroscopy coordinate system.
On the other hand, if the relative position of the fluoros-
copy images is not known from Step 404, then at least
four selected points from the ultrasound system would
be matched with the 3D coordinates of four correspond-
ing seeds in the fluoroscopy coordinate system. The ex-
tra selected point is used in the later case because a
fourth point provides a reference point for spatial defini-
tion, as will be understood by those skilled in the art. In
step 504, at least one group or combination of pairings
are determined.

[0033] Next, based on pairing of selected points in the
ultrasound coordinate system with coordinates of corre-
sponding seeds in the fluoroscopy coordinate system,
aninitial transformation T ={A, b} for each group or com-
bination of pairings is obtained (Step 506) by minimizing

- 2
an error €= Z"Pd —(APn +b1| s where (Igd,P,,) is
(d.n)

one of the pairings of a detected ultrasound point with a
reconstructed fluoroscopy point. Aand b are components
of the initial transformation T, and may be determined by
methods known in the art for solving linear least-squares
systems, such as the method of solution by the use of
singular value decomposition (see Press, William H.
et.al., Numerical Recipes in C (2nd Edition), Cambridge
University Press, 1992). Other techniques known in the
art may also be used to obtain the initial transformation
T. In one embodiment, at least three pairings are used
to obtain the initial transformation T. In another embod-
iment, at least four pairings are used to obtain the initial
transformation T.

[0034] In step (508), for each combination of the pair-
ings, the initial transformation T = {A,b} from step (506)
is refined. In one embodiment, the initial transformation
T may be refined based on an accuracy (e.g., as repre-
sented by an error value) of how well the 3D ultrasound
image volume / aligns with the transformed 3D fluoros-
copy image J. For example, to refine T = {A, b}, an error,

such as e=2"I(P)‘J(AP+b)“2, may be mini-
P

mized. Since this error is nonlinear in T, optimization
techniques such as gradient-descent or Levenberg-Mar-
quardt may be used. Strategies such as course-to-fine
subsampling of the image volumes may also be used to
make the optimization more efficient. For example, see
"A Pyramid Approach to Subpixel Registration Based on
Intensity," IEEE Transactions on Image Processing, Vol.
7,No. 1, January 1998, pp. 27-41, by Thevenaz, Philippe
et.al..
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[0035] In Step 510, a refined transformation T is de-
termined and stored for later use. In one embodiment,
combinations of pairings in step 504 are randomly or se-
lectively chosen, and the error e for each combination of
pairings is determined until an error e below a desired
threshold value is determined. The transformation asso-
ciated with the error e that is below the threshold value
is then stored as the refined transformation T. Alterna-
tively, all possible combinations of pairings are deter-
mined in step 504, and errors e for all combinations of
pairings are determined. The transformation associated
with the smallest error e is then stored as the refined
transformation T. The refined transformation T may be
stored in a medium, such as the memory 135 or the com-
puter-readable medium 140 of the seed localization sys-
tem 100, for future retrieval or processing.

[0036] Returning to FIG. 4, based on the transforma-
tion T = {A, b} obtained from the Step 412, the seed lo-
calization system 100 determines, from the set of 3D
fluoroscopy seed positions Sg, a set S, of 3D ultrasound

seed positions, where

Sy ={P'= AP, +Hn=1,..,N}. (Step 414) The

determination or calculation is preferably performed us-
ing a processor, such as the processor 130 of the seed
localization system 100. However, other devices, such
as a calculator, may also be used.

[0037] With the calculated 3D seed positions in the
ultrasound coordinate system, identifiers associated with
the calculated 3D seed positions may be displayed in the
3D ultrasound image. (Step 416) For example, cylindrical
seeds 40 may be displayed as transparent cylinders hav-
ing colored outline, and be shown with a 3D ultrasound
image displayed on the monitor 115 of the seed locali-
zation system 100. In this manner, the user may examine
the calculated positions of the seeds 40 with respect to
the ultrasound image by viewing the image displayed on
the monitor 115. The identifiers associated with the cal-
culated 3D seed positions may be presented to the user
via a graphical user interface (GUI). An example of such
GUI is shown in FIG. 7, which will be described in further
detail below.

[0038] Ifitis desired, the operator may optionally make
small changes to the calculated positions of the seeds
40. (Step 418) For example, a user interface may be
provided that allows the user to modify a calculated seed
position. In one embodiment, the user interface may in-
clude a field displayed in a screen. The operator may
manually type in a position for a particular seed 40 in the
field to over-ride the calculated position. Alternatively,
the user interface may include a button, which allows the
operator to adjust the calculated position of a seed 40.
Furthermore, the user interface may also include a point-
er, which the operator may use to select and/or drag an
identifier of a seed 40 displayed in the monitor 115.
[0039] Agraphical userinterface may be used to assist
auser in performing the steps discussed previously. FIG.
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6 illustrates a GUI 600 according to one embodiment of
presentinvention. FIG. 6 is given by way of example only.
AscanbeseeninFIG. 6, The GUI 600 has several unique
features. The "Back" button 610 allows the user to back-
up to fix errors (e.g. move backward from Step 404 to
Step 402). The "ArchiveSave" button 620 allows the user
to save his work at any given step and to later resume
the method at that step. As noted previously, Steps
400-418 may be ordered differently than that shown in
FIG. 4. The GUI 600 allows the user to practice the steps
of the previously described method in a manner flexible
to the user. The GUI 600 also allows the user to select
a 3D ultrasound image 630 from among a plurality of 3D
ultrasound images 640. Likewise, the GUI 600 allows the
user to select fluoroscopy images 650 for analysis. The
GUI 600 also allows the user to visualize the determined
3D seed positions with respect to the 3D ultrasound im-
age.

[0040] FIG. 7 shows a GUI 700 according to another
embodiment of the present invention. The GUI 700 in-
cludes a first window 702 showing an ultrasound image
in a X - Y plane, and a second window 704 showing an
ultrasound image in a Z - Y plane. As such, the first and
second windows 702 and 704 display transverse and
longitudinal slices through the 3D ultrasound volume, re-
spectively. The GUI 700 also includes control buttons
706 for manipulating or adjusting images in the first win-
dow 702 and the second window 704, scroll bar 708 for
navigating through the image shown in the first window
702, and additional control buttons 710 for performing a
number of functions associated with the method 200 de-
scribed herein.

[0041] The GUI 700 also includes identifiers 712 and
714 that are shown together with the ultrasound images,
thereby forming an improved 3D image of the region of
the implanted seeds 40. The identifiers 712 having dotted
lines represents the initial seed positions (i.e. the set S,
calculated using the initial transformation T from step
506), and the identifiers 714 having solid lines indicate
the final optimized seed positions (i.e. the set S, calcu-
lated using the final optimized transformation T from step
508). The identifiers 714 are at or in close proximity to
the actual seed position, as identified by the bright pixels
716. Similar identifiers are also displayed in the second
window 704, as shown inthe illustrated embodiment. The
identifiers 712 and 714 may be color-coded or may have
shapes other than rectangles in alternative embodi-
ments.

[0042] As discussed previously, the seed localization
system 100 may include a user interface, such as the
user interface 150, for guiding the user in accomplishing
Steps 400-418 of the method 200. The user interface
150 is preferably implemented on the computer system
110 using the monitor 115, the keyboard 120, and the
mouse 125 in the manner known to those skilled in the
art. The user interface 150 forms an improved 3D image
of the region of implanted seeds 40 by analyzing ultra-
sound and fluoroscopy data. The user interface 150 then
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allows the user to identify the location of each implanted
seed 40 in the region by displaying the improved 3D im-
age (i.e., through GUI 600 and/or 700).

[0043] FIG. 8 illustrates one embodiment of the user
interface 150 in greater detail. Through the processor
130, the user interface 150 interacts with data input
sources such as the keyboard 120, the mouse 125, the
memory 135, and the hard disk 140. The user interface
150 also interacts with the medical image interface 170
as well as the network interface 160 via the processor
130.

[0044] From any of these data sources, the user inter-
face 150 is provided with 3D ultrasound data 801 asso-
ciated with the 3D ultrasound image volume obtained in
Step 402, and fluoroscopy data 803 associated with the
fluoroscopy images obtained in Step 404. The data an-
alyzer 802 may also be provided with data 805 input from
sources 120, 125, 135, 140, 160, or 170, which may be
used to analyze the 3D ultrasound data 801 and/or the
fluoroscopy data 803.

[0045] The data analyzer 802 analyzes the fluorosco-
py data 803. In particular, the data analyzer 802 locates
each seed 40 appearing in each fluoroscopy image com-
prised within the fluoroscopy data 803 according to Step
406. As previously noted, in one embodiment of the in-
vention, the user may provide input 805 to locate each
implanted seed 40 appearing in each fluoroscopy image.
In an alternative embodiment, the data analyzer 802 may
automatically locate each seed 40 using a variety of dis-
crimination techniques known to those skilled in the art.
In one embodiment of the invention, the data analyzer
802 stores the 2D fluoroscopy coordinates of each seed
40 in a memory. By way of example only, the memory in
which the 2D fluoroscopy coordinates are stored may be
memory associated with the personal computer of the
system 100, such as memory areas 135 or 140.

[0046] The 2D positions of each seed 40 appearing on
the fluoroscopy images are analyzed by a coordinate re-
constructor 804, which associates the seeds 40 between
or among the fluoroscopy images according to Step 408.
The coordinate reconstructor 804 then reconstructs the
3D fluoroscopy coordinates of the seeds 40 according to
Step 410. In one embodiment of the invention, the coor-
dinate reconstructor 804 stores the coordinates for later
recall and processing. By way of example only, the mem-
ory in which the 3D fluoroscopy coordinates are stored
may be memory associated with the personal computer
of the system 100, such as memory areas 135 or 140.
[0047] The data analyzer 802 may also analyze the
3D ultrasound data 801. For example, the data analyzer
802 may detect points in the 3D ultrasound image that
are likely to be locations of seeds 40 according to Step
502. Alternatively, the user may provide input 805 to lo-
cate some of the seeds 40, as previously noted. The data
analyzer 802 stores the 3D ultrasound coordinates of the
detected or input points of the seeds 40 in a memory,
such as memory areas 135 or 140.

[0048] A coordinate correlator 806 determines the
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transformation T that best matches the 3D fluoroscopy
coordinates of the seeds 40 with the 3D ultrasound co-
ordinates of the detected or input points according to Step
412. Based on the transformation T, the coordinate cor-
relator 806 then maps each 3D fluoroscopy coordinate
provided by the coordinate generator 804 to its corre-
sponding 3D ultrasound location according to Step 414.
[0049] Animage generator 808 then generates an im-
age that displays a seed’s position within the 3D ultra-
sound image according to Step 416 such that a user may
visualize the image on the monitor 115. For example, the
image generator 808 may cause the seed localization
system 100 to display the GUI 600 or GUI 700 in the
monitor 115.

[0050] Thus, asystemandamethod have beenshown
for determining the three-dimensional (3D) positions of
implanted brachytherapy seeds with respect to an area
of affected tissue. The system and method allow the prac-
titioner to calculate a radiotherapy dose by examining
images generated using ultrasound and fluoroscopy im-
aging but not requiring computed tomography imaging.
The system may incorporate portable C-arm fluoroscopy
systems as well. There is no requirement to use a fixed
(pre-determined) fluoroscopy imaging geometry or to ac-
curately calibrate the fluoroscopy images (e.g. each
fluoroscopy image may have a different, unknown mag-
nification). There is also no requirement for a fixed ex-
ternal, fiducial system, or an internal fiducial system (i.e.,
internal markers).

[0051] Further, because the present invention recon-
structs the seed positions from fluoroscopic images rath-
erthan from otherimages, the invention may be practiced
in a wider variety of settings than was possible in the
prior art. For example, the invention may be practiced in
an operating room. There is no need for a radiotherapy
simulator couch or other specialized equipment.

[0052] Because the invention may be practiced intra-
operatively, the invention does not require the patient to
be carefully repositioned in another room having special-
ized medical imaging equipment. Further, the inventive
system and method differs from the prior art in that seed
positions are not determined based on planned, pre-im-
plant seed coordinates but rather on the actual 3D seed
positions at the time of implant in the most recently ac-
quired ultrasound treatment volume/image. Thus, the 3D
seed locations are identified much more accurately than
in prior art systems and the user may validate the result.
The dosimetry to the tissue under treatment may be de-
termined intraoperatively, permitting dynamic adjust-
ment of the treatment plan.

[0053] Although brachytherapy seeds used in the
treatment of prostate have been discussed with refer-
ence to various embodiments, it should be understood
that the scope of the invention should not be so limited.
In an alternative embodiment, the seeds 40 may repre-
sent implanted objects other than brachytherapy seeds.
In another alternative embodiment, the tissue to be treat-
ed may be tissue other than prostate 20. Furthermore,
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although the system and method have been described
with reference to registering implant coordinate between
a fluoroscopy and an ultrasound imaging systems, the
system and method described previously may also be
used to register implant position between other imaging
systems.

[0054] Thus, although several preferred embodiments
have been shown and described, it would be apparent
to those skilled in the art that many changes and modi-
fications may be made thereunto without the departing
from the scope of the invention, which is defined by the
following claims.

Claims

1. A system for locating an implant in an ultrasound
coordinate system, comprising:

a processor (130) configured for determining an
initial transformation matrix (T) based at least in
part on positions of a plurality of brachytherapy
seeds (40) in a fluoroscopy coordinate system
and estimated positions of said plurality of
brachytherapy seeds (40) in an ultrasound co-
ordinate system (1), and determining a position
of one of said plurality of brachytherapy seeds
(40) in said ultrasound coordinate system based
at least in part on said initial transformation ma-
trix;

wherein the processor is configured to determine the
initial transformation matrix without use of a plurality
of internal markers that are different from the plurality
of brachytherapy seeds.

2. The system of claim 1, wherein said plurality of
brachytherapy seeds comprises atleast three brach-
ytherapy seeds.

3. The system of claim 1 or 2, wherein said processor
is further configured for modifying said initial trans-
formation matrix based on an accuracy of said esti-
mated positions of said plurality ofbrachytherapy
seeds (40).

4. The system of claim 3, wherein said modifying proc-
ess that the processor is configured to perform in-
cludes determining a characteristic of a pixel at said
determined position of said one of said plurality of
brachytherapy seeds (40) in an ultrasound image.

5. The system of claim 4, wherein said modifying proc-
ess which the processor is configured to perform,
further comprises determining a characteristic of a
pixel associated with an actual position of said one
of said plurality of brachytherapy seeds (40) in said
ultrasound image.
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10.

1.

12.

13.

14.

15.

The system of claim 5, wherein said modifying proc-
ess which the processor is configured to perform fur-
ther comprises assigning a value based at least in
part on a comparison of said determined character-
istic of said pixel at said determined position of said
one of said plurality of brachytherapy seeds (40) and
said characteristic of said pixel associated with said
actual position of said one of said plurality of brach-
ytherapy seeds (40) in said ultrasound image.

The system of any one of claims 1 to 6, wherein said
processor is further configured for refining said initial
transformation matrix.

The system of claim 7, wherein said refining process
that the processor is configured to perform includes
determining a characteristic of a pixel at said deter-
mined position of said one of said plurality of brach-
ytherapy seeds (40) in an ultrasound image.

The system of claim 8, wherein said characteristic
of said pixel comprises color or brightness.

The system of claim 8, wherein said refining process
that the processor is configured to perform further
comprises determining a characteristic of a pixel as-
sociated with an actual position of said one of said
plurality of brachytherapy seeds (40) in said ultra-
sound image.

The system of claim 10, wherein said refining proc-
ess that the processor is configured to perform fur-
ther comprises assigning a value based at least in
part on a comparison of said determined character-
istic of said pixel at said determined position of said
one of said plurality of brachytherapy seeds (40) and
said characteristic of said pixel associated with said
actual position of said one of said plurality of brach-
ytherapy seeds (40) in said ultrasound image.

The system of claim 11, wherein said refining proc-
ess that said processor is configured to perform fur-
ther comprises modifying said initial transformation
matrix based on said value.

The system of claim 12, wherein said modifying proc-
essthatsaid processoris configured to perform com-
prises minimizing said value.

The system of any one of claims 7 to 13, wherein
said processor is configured for determining said po-
sition of said one of said plurality of brachytherapy
seeds (40) in said ultrasound coordinate system
based at least in part on said refined initial transfor-
mation matrix.

The system of claim 14, further comprising a display
for displaying in an image an identifier associated
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with said position that is determined based at least
in part on said refined initial transformation matrix.

The system of any one of claims 1 to 15, further com-
prising a display for displaying in an image an iden-
tifier associated with said determined position of said
one of said plurality of brachytherapy seeds (40).

The system of claim 15 or 16, wherein said image
comprises an ultrasound image.

The system of any one of claims 1 to 17, wherein
said processor is further configured for:

determining said positions of said plurality of
brachytherapy seeds (40) in said fluoroscopy
coordinate system; and

determining said estimated positions of said plu-
rality of brachytherapy seeds (40) in said ultra-
sound coordinate system.

The system of any one of claims 1 to 18, further com-
prising a monitor coupled to said processor.

The system of claim 19, wherein said processor is
configured to display in said monitor an image and
an identifier associated with one of said estimated
positions.

21. The system of claim 19, wherein said processor is
configured to display in said monitor an image and
an identifier associated with said position of said one
of said plurality of brachytherapy seeds (40).

22. The system of claim 20 or 21, wherein said image
comprises an ultrasound image.

Patentanspriiche

1. System zum Platzieren eines Implantats in einem

Ultraschall-Koordinatensystem, wobei das System
umfasst:

einen Prozessor (130), der konfiguriert ist, um
eine initiale Transformationsmatrix (T) zumin-
dest teilweise basierend auf Positionen einer
Mehrzahl von Brachytherapie-Seeds (40) in ei-
nem Fluoroskopie-Koordinatensystem und auf
geschatzten Positionen der Mehrzahl von Bra-
chytherapie-Seeds (40) in einem Ultraschall-
Koordinatensystem (1) zu bestimmen, und um
eine Position von einem der Mehrzahl von Bra-
chytherapie-Seeds (40) im Ultraschall-Koordi-
natensystem zumindest teilweise basierend auf
der initialen Transformationsmatrix zu bestim-
men.
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System nach Anspruch 1, wobei die Mehrzahl von
Brachytherapie-Seeds zumindest drei Brachythera-
pie-Seeds umfasst.

System nach Anspruch 1 oder 2, wobei der Prozes-
sor ferner konfiguriert ist, um die initiale Transforma-
tionsmatrix basierend auf einer Genauigkeit der ge-
schatzten Positionen der Mehrzahl von Brachythe-
rapie-Seeds (40) zu modifizieren.

System nach Anspruch 3, wobei der Modifizierungs-
prozess, zu dessen Ausfiihrung der Prozessor kon-
figuriertist, das Bestimmen eines Charakteristikums
eines Pixels an der bestimmten Position von diesem
einen der Mehrzahl von Brachytherapie-Seeds (40)
in einem Ultraschallbild enthalt.

System nach Anspruch 4, wobei der Modifizierungs-
prozess, zu dessen Ausflihrung der Prozessor kon-
figuriert ist, ferner das Bestimmen eines Charakte-
ristikums eines Pixels, das mit einer tatsachlichen
Position von diesem einen der Mehrzahl von Bra-
chytherapie-Seeds (40) assoziiert ist, in einem Ul-
traschallbild enthalt.

System nach Anspruch 5, wobei der Modifizierungs-
prozess, zu dessen Ausflihrung der Prozessor kon-
figuriert ist, ferner das Zuweisen eines Wertes zu-
mindest teilweise basierend auf einem Vergleich des
bestimmten Charakteristikums des Pixels an der be-
stimmten Position von diesem einen der Mehrzahl
von Brachytherapie-Seeds (40) und des Charakte-
ristikums des Pixels, das mit der tatsachlichen Po-
sition von diesem einen der Mehrzahl von Brachy-
therapie-Seeds (40) assoziiert ist, im Ultraschallbild
umfasst.

System nach einem der Anspriche 1 bis 6, wobei
der Prozessor ferner konfiguriert ist, um die initiale
Transformationsmatrix zu prazisieren.

System nach Anspruch 7, wobei des Prazisierungs-
prozess, zu dessen Ausflihrung der Prozessor kon-
figuriert ist, das Bestimmen eines Charakteristikums
eines Pixels an der bestimmten Position von diesem
einen der Mehrzahl von Brachytherapie-Seeds (40)
in einem Ultraschallbild enthalt.

System nach Anspruch 8, wobei das Charakteristi-
kum des Pixels Farbe oder Helligkeit umfasst.

System nach Anspruch 8, wobei der Prazisierungs-
prozess, zu dessen Ausflihrung der Prozessor kon-
figuriert ist, ferner das Bestimmen eines Charakte-
ristikums eines Pixels, das mit einer tatsachlichen
Position von diesem einen der Mehrzahl von Bra-
chytherapie-Seeds (40) assoziiertist, im Ultraschall-
bild umfasst.
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System nach Anspruch 10, wobei der Prazisierungs-
prozess, zu dessen Ausflihrung der Prozessor kon-
figuriert ist, ferner das Zuweisen eines Wertes zu-
mindest teilweise basierend auf einem Vergleich des
bestimmten Charakteristikums des Pixels an der be-
stimmten Position von diesem einen der Mehrzahl
von Brachytherapie-Seeds (40) und des Charakte-
ristikums des Pixels, das mit der tatséchlichen Po-
sition von diesem einen der Mehrzahl von Brachy-
therapie-Seeds (40) assoziiert ist, im Ultraschallbild
umfasst.

System nach Anspruch 11, wobei der Prazisierungs-
prozess, zu dessen Ausflihrung der Prozessor kon-
figuriert ist, ferner das Modifizieren der initialen
Transformationsmatrix basierend auf dem Wert um-
fasst.

System nach Anspruch 12, wobei der Modifizie-
rungsprozess, zu dessen Ausfihrung der Prozessor
konfiguriert ist, das Minimieren des Wertes umfasst.

System nach einem der Anspriiche 7 bis 13, wobei
der Prozessor konfiguriert ist, um die Position von
diesem einen der Mehrzahl von Brachytherapie-
Seeds (40) in einem Ultraschall-Koordinatensystem
zumindest teilweise basierend auf der prazisierten
initialen Transformationsmatrix zu bestimmen.

System nach Anspruch 14, ferners umfassend eine
Anzeige zum Anzeigen eines Identifikators in einem
Bild, der mit der Position, die zumindest teilweise
basierend auf der prazisierten initialen Transforma-
tionsmatrix bestimmt wird, assoziiert ist.

System nach einem der Anspriiche 1 bis 15, ferners
umfassend eine Anzeige zum Anzeigen eines Iden-
tifikators in einem Bild, der mit der bestimmten Po-
sition von diesem einen der Mehrzahl von Brachy-
therapie-Seeds (40) assoziiert ist.

System nach Anspruch 15 oder 16, wobei das Bild
ein Ultraschallbild umfasst.

System nach einem der Anspriiche 1 bis 17, wobei
der Prozessor ferner konfiguriert ist, um:

die Positionen der Mehrzahl von Brachythera-
pie-Seeds (40) im Fluoroskopie-Koordinatensy-
stem zu bestimmen; und

die geschatzten Positionen der Mehrzahl von
Brachytherapie-Seeds (40) im Ultraschall-Koor-
dinatensystem zu bestimmen.

System nach einem der Anspriiche 1 bis 18, ferner
umfassend einen Monitor, der mit dem Prozessor
verbunden ist.
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System nach Anspruch 19, wobei der Prozessor
konfiguriert ist, um ein Bild und einen Identifikator,
der mit einem der geschatzten Positionen assoziiert
ist, auf dem Monitor anzuzeigen.

System nach Anspruch 19, wobei der Prozessor
konfiguriert ist, um ein Bild und einen Identifikator,
der mit der Position von diesem einen der Mehrzahl
von Brachytherapie-Seeds (40) assoziiert ist, auf
dem Monitor anzuzeigen.

System nach Anspruch 20 oder 21, wobei das Bild
ein Ultraschallbild umfasst.

Revendications

1.

Systéeme de localisation d’un implant dans un sys-
téme de coordonnées ultrasonore, comprenant :

un processeur (130) configuré pour déterminer
une matrice de transformation initiale (T) a par-
tir, au moins en partie, des positions des grains
d’une pluralité de grains de curiethérapie (40)
dans un systéme de coordonnées fluoroscopi-
que et des positions estimées des grains de la-
dite pluralit¢ de grains de curiethérapie (40)
dans un systéme de coordonnées ultrasonore
(1), et la détermination d’une position d’un grain
de ladite pluralité de grains de curiethérapie (40)
dans ledit systéme de coordonnées ultrasonore,
a partir, au moins en partie, de ladite matrice de
transformation initiale ;

le processeur étant configuré pour déterminer
la matrice de transformation initiale sans utiliser
de pluralité de marqueurs internes différents de
ladite pluralité de grains de curiethérapie.

Systéme de la revendication 1, dans lequel ladite
pluralité de grains de curiethérapie contient au moins
trois grains de curiethérapie.

Systéme de larevendication 1 ou 2, dans lequel ledit
processeur est en outre configuré pour modifier la-
dite matrice de transformation initiale en se basant
sur un degré d’exactitude desdites positions esti-
mées de ladite pluralité de grains de curiethérapie
(40).

Systéme de la revendication 3, dans lequel ledit pro-
cédé de modification pour I'exécution duquel le pro-
cesseur est configuré comprend la détermination
d’une caractéristique d’un pixel a ladite position dé-
terminée dudit grain de ladite pluralité de grains de
curiethérapie (40) dans une image ultrasonore.

Systéme de la revendication 4, dans lequel ledit pro-
cédé de modification pour I'exécution duquel le pro-
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cesseur est configuré comprend en outre la déter-
mination d’'une caractéristique d’un pixel associé a
une position réelle dudit grain de ladite pluralité de
grains de curiethérapie (40) dans ladite image ultra-
sonore.

Systéme de la revendication 5, dans lequel ledit pro-
cédé de modification pour I'exécution duquel le pro-
cesseur est configuré comprend en outre I'attribution
d’une valeur basée au moins en partie sur une com-
paraison de ladite caractéristique déterminée dudit
pixel a ladite position déterminée dudit grain de ladite
pluralité de grains de curiethérapie (40) et de ladite
caractéristique dudit pixel associé a ladite position
réelle dudit grain de ladite pluralité de grains de cu-
riethérapie (40) dans ladite image ultrasonore.

Systéme de I'une quelconque des revendications 1
a 6, dans lequel ledit processeur est configuré pour
améliorer ladite matrice de transformation initiale.

Systéme de la revendication 7, dans lequel ledit pro-
cédé d’amélioration pour I'exécution duquel le pro-
cesseur est configuré comprend la détermination
d’une caractéristique d’un pixel a ladite position dé-
terminée dudit grain de ladite pluralité de grains de
curiethérapie (40) dans une image ultrasonore.

Systéme de la revendication 8, dans lequel ladite
caractéristique dudit pixel en forme la couleur ou la
brillance.

Systéme de la revendication 8, dans lequel ledit pro-
cédé d’amélioration pour I'exécution duquel le pro-
cesseur est configuré comprend en outre la déter-
mination d’une caractéristique d’un pixel associé a
une position réelle dudit grain de ladite pluralité de
grains de curiethérapie (40) dans ladite image ultra-
sonore.

Systéme de la revendication 10, dans lequel ledit
procédé d’amélioration pour I'exécution duquel le
processeur est configuré comprend en outre I'affec-
tation d’'une valeur basée au moins en partie sur une
comparaison de ladite caractéristique déterminée
dudit pixel a ladite position déterminée dudit grain
de ladite pluralité de grains de curiethérapie (40) et
de ladite caractéristique dudit pixel associé a ladite
position réelle dudit grain de ladite pluralité de grains
de curiethérapie (40) dans ladite image ultrasonore.

Systeme de la revendication 11, dans lequel ledit
procédé d’amélioration pour I'exécution duquel ledit
processeur est configuré comprend en outre une
modification de ladite matrice de transformation ini-
tiale basée sur ladite valeur.

Systeme de la revendication 12, dans lequel ledit
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14.

15.

16.

17.

18.

19.

20.

21.

22,

22

procédé de modification pour I'exécution duquel ledit
processeur est configuré comprend la minimisation
de ladite valeur.

Systéme de I'une quelconque des revendications 7
a 13, dans lequel ledit processeur est configuré pour
déterminer ladite position dudit grain de ladite plu-
ralité de grains de curiethérapie (40) dans ledit sys-
teme de coordonnées ultrasonore, a partir, au moins
en partie, de ladite matrice de transformation initiale.

Systeme de la revendication 14, comprenant en
outre un affichage pour afficher dans une image un
identifiant associé a ladite position qui est détermi-
née a partir, au moins en partie, de ladite matrice de
transformation initiale améliorée.

Systéme de I'une quelconque des revendications 1
a 15, comprenant en outre un affichage pour afficher
dans une image un identifiant associé a ladite posi-
tion déterminée dudit grain de ladite pluralité de
grains de curiethérapie (40).

Systéme de la revendication 15 ou 16, dans lequel
ladite image comprend une image ultrasonore.

Systéme de 'une quelconque des revendications 1
a 17, dans lequel ledit processeur est en outre con-
figuré pour :

déterminer lesdites positions de ladite pluralité
de grains de curiethérapie (40) dans ledit sys-
téme de coordonnées de fluoroscopie ; et
déterminer lesdites positions estimées de ladite
pluralité de grains de curiethérapie (40) dans
ledit systéme de coordonnées ultrasonore.

Systéme de 'une quelconque des revendications 1
a 18, comprenant en outre un moniteur couplé audit
processeur.

Systéme de la revendication 19, dans lequel ledit
processeur est configuré pour afficher sur ledit mo-
niteur une image et un identifiant associé a une des-
dites positions estimées.

Systéme de la revendication 19, dans lequel ledit
processeur est configuré pour afficher sur ledit mo-
niteur une image et un identifiant associé a ladite
position dudit grain de ladite pluralité de grains de
curiethérapie (40).

Systéme de la revendication 20 ou 21, dans lequel
ladite image comprend une image ultrasonore.
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