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8 UNITED STATES DISTRICT COURT
WESTERN DISTRICT OF WASHINGTON
9 (Seaitle Division)
10
VARIAN MEDICAL SYSTEMS, INC.,
111 a Delaware corporation,
121 and C@@D 1645‘P
18] SAS PRAXIM, COMPLAINT FOR _
a French Corporation, (1) INDUCEMENT QF PATENT
14 FRINGEMENT AND
(2) CONTRIBUTORY PATENT
15 Plaintiffs, INFRINGEMENT
V.
18
DEMAND FOR JURY TRIAL
RESONANT MEDICAL, TNC., ( )
17| a Canadian Corporation, | AR SRLR O O )
18 Deendant. | | INNHRV N R ORAY R 1
19 05-CV-D1645-CMP
20 ——— - —
24 Plaintiffs VARIAN MEDICAL SYSTEMS, INC., and SAS PRAXIM (collectively
o2 “Plaintiffs”}y complain of, and demand a jury trial with respeet to, Defendant Resonant
23| Medical, Inc.'s ("Resonant”) acts that constitute inducement of infringement and/or
24| contributory infringement of U.S. Patent No. 5,447,154 (the ™154 patent") as follows.
25
NATURE OF THE ACTION
26
1. This 15 an action for inducement of patcnt infringement and contributory patent
27
infringement under 35 U.S.C. § 271. Plaintiffs seek to recover monetary damages resulting
28
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from Resonant's unauthorized and unlicensed manufacture for importation and importation
into the United States, use, sale and offer for sale of a product that has been and is being
used to practice a method of locating an organ within a patient's body that infringes the '154
patcat. Plaintiffs further seek ijunctive relief to prevent Resonant from continuing to
inducc others to infringe and from continuing to contributorily infringe the '154 patent.
Plaintiffs also seek recovery of attorney fees, costs, and treble damages for willful
inducement of patent infringement and willful contributory patent infringement.

PARTIES

2. Varian Medical Systems, Inc. ("Varian"} is a corporation organized and existing
under the laws of the State of Delaware, with a principal place of business at 3100 Hansen
Highway, Palo Alto, California 94304. Varian is the successor to Zmed, Inc. (“Zmed”),
which it acquired in 2003, and has an exclusive, worldwide license from Plaintiff SAS
PRAXIM to the '154 patent, including the right to enforce the '154 patent against infringers,
in a broadly defined field of use.

3. SAS PRAXIM ("Praxim") is a corporation organized and existing under the laws
of France, with a principal place of business at 4 Avenue de 'Obiou, Le Grand Sablon,
38700 La Tronche, France. Praxim is the exclusive, world-wide licensee from Université
Joseph Fouricr ("UJE") of the patent in suit, and is the licensor of an exclusive, world-wide
field of use licensc to Varian.

4. Resonant Medical, Inc. ("Resonant™), on information and belief, is a corporation
existing under the laws of Canada, with a principal place of business at 2050 Bleury Street,
Suite 200, Montreal, Quebec, Canada, H3A 2J5 and/or 460 Sainte-Catherine Street West,
Suite 805, Montreal, Quebec, Canada H38 1A5. Resonant manufactutes or has
manufactured for it, in Canada, and then imports into the United Statcs, sells or offers for
sale and importation into the United States, and/ot sells or offers for sale in the United

States after importation, its Restitu™ ("Restitu") system,
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JURISDICTION AND VENUE

5. This Court has original jurisdiction of claims herein. Inducement of patent
iofringement and contributory patent infringement are claims arising undcr the patent laws
of the United States, Title 33, U.5.C. §§ 271 ef seq., with original jurisdiction in this Court
by virtue of 28 U.S.C. §§ 1331 and 1338(a).

6. Venue is proper in this district under 28 U.S.C. §§ 1391(b), (c), and (d), and
1400(b), because Resonant has transacted and is doing business in this judicial district, a
substantial part of the cvents giving rise to the claims of this complaint occurred in this

District, and Resonant is an alien.

GENERAL ALLEGATIONS

7. On September 5, 1995, United States Patent No. 5,447,154 (the ™154 patent™)
entitled "Method for Determining the Position of an Organ®, was duly and legally issued by
the United States Patent and Trademark Office to the named inventors on the '154 patent,
who assigned all night, title and interest in the patent to UJF. A true and correct copy of the
'154 patent is attached as Exhibit A.

8. Praxim is the exclusive, world-wide licensee from UJF of the '154 patent, and is
the licensor of an exclusive, world-wide field of usc license to Zmed, which includes the
right to enforce the '154 patent. Varian acquired all of the assets of Zmed, including all of
Zmed's interests in the '154 patent, pursuant to a 2003 transaction. Varian therefore has all
rights to enforce the '154 patent,

9. The '154 patent claims methods for determining the position of an organ in a
paticnt's body by using at least two imaging devices integrated with devices for dotermining
the position of each image. The invention of the '154 patent cnables health care providers
to overcome obstacles in accurately locating an organ with a tumor in need of medical
trcatment, such as radiation treatment or "radiotherapy.”" With improved accuracy in
locating an organ with a tumor, health carc workers can, for example, reduce the exposurc

to harmful radiation of hcalthy tissue surrounding the tumor and increase the dosage of
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radiation targeted at the tumor, The methods of the '154 patent, however, are not restricted
to radiotherapy.

10. Resonant manufactures or has manufactured for it, in Canada, and imports into
the United States, sells for importation into the United States, and/or sells in the United
States alier importation its Restitu™ ("Restitu") system product, which induces and/or
contributes to, and in conncction with which Resonant practices, or induccs and/or
contributes to practicing, a method of locating an organ in a patient's body that is covered

by one or more claims of Varan's '154 patent.

FIRST COUNT
Inducement of Patent Infringement
(35 U.S.C. §8 271 et seq.)

11. Plaintiffs re-allege and incorporate paragraphs 1 through 10 inclusive, as though
fully set forth herein.

12. Plaintiffs are informed, believe, and on this basis allege that Resonant has and at
all time relevant to acts complaingd of herein had knowledge of the '154 patent.

13. Plaintiffs are informed, believe, and on this basis allege that Resonant has been
and is inducing the infringement of the '154 patent by knowingly causing, urging,
cncouraging and/or aiding and abetting others in the use in the United States of a product
that practices thc methods claimed by the '154 patent, or offering to do so. Customers' use
of the product purchased from Resonant directly infringes the *154 patent in the United
States literally and under the doctrine of equivalents.

14. Plaintiffs are informed, believe, and on this basis allege that Resonant has
engaged in affirmative acts to induce infringement of the '154 patent, including advertising,
demonstrating and providing instructional materials that teach its customers to use
Resonant's products in a manner that infringes the claims of the '154 patent.

15. By reason of Resonant’s acts alleged hercin, Plaintiffs have suffered damage in

at amount to be proven at trial.
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16. Plaintifts arc informed, believe, and on this basis allege that Resonant’s
inducement of the infringement of the '154 patent was and is willful and deliberate,
entitling Plaintiffs to recover enhanced damages and making this an exceptional case within

the meaning of 35 U.S.C. § 285,

SECOND COUNT
Contributory Patent Infringement
35 U.S.C. §§ 271 et seq.

17. Plaintiffs re-allege and incorporate paragraphs 1 through 16 inclusive, as though
fully set forth herein.

18. Plaintiffs arc informed, believe, and on this basis allege that Resonant has and at
all ime relevant to the acts complained of here had knowledge of the '154 patent.

19. Plaintiffs are informed, believe, and on this basis allege that Rcsonant has been
and is now contributorily infringing the '154 patent by importing for sale in the United
Statcs and/or selling a product in the United States knowing that it is used to practice the
methods claimed by the '154 patent, or offering to do so. Resonant’s activities contribute to
the infringement of the '154 patent in the United States literally and undcr the doctrine of
equivalents,

20. Plaintiffs are informed, believe, and on this basis allege that Resonant has been
and is now contributorily infringing the '154 patent by providing and/ot offering to provide
instructional materials to teach its customers a method of using Resonant's Restitu system
that infringes the '1 54 patent.

21, Plaintiffs are informed, believe, and on this basis allege that the product or
products manufactured, imported, used, sold, or offered for sale by Resonant in the United
Statcs are non-staple articles of commerce, and their use constitutes a material part of the
process claimed in the '154 patcat.

22. By reason of Resonant’s acts alleged hercin, Plaitiffs have suffered damage in

an athount to be proven at trial.
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23. Plaintiffs arc informed, believe, and on this basis allege that Resonant’s
contributory infringement of the '154 patent was and is willful and deliberate, entitling
Plaintiffs to recover enhanced damages and making this an exceptional case within the

meaning of 35 U.S.C. § 285.
PRAYER

Plaintiffs therefore pray for the following rclicf:

1. A declaratory judgment that Resonant has induced the infringement of and
contributorily infringed United States Patent Nos. 5,447,154 by making, importing, using,
selling, or offering for sale in the United States products used in a method that infringes the
‘154 patent.

2. A permanent injunction prohibiting Resonant, and all persons or entities
acting in concert with Resonant, from importing, using, sclling, ot offering for sale in the
United States any product(s) that infringe, induce the infringement of, or contributorily
mfringe the '154 patent.

3. An award to Plaintiffs of all damages resulting from the inducement of
infringement or the contributory infringement of the '154 patent by Resonant.

4. An award to Plaintiffs of treble the damages caused by Resonant’s willful
inducement of infringement and willful contributory infringement of the '154 patent.

5. A judgment and order directing Resonant to pay Plaintiffs’ attorneys® fees,
costs, and expenses in this action.

6. Such additional relief as this Court may deem just and propet.

DEMAND FOR JURY TRIAL

Plaintiffs demand a jury trial on all issues triable by jury.

CASE NO, e
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EXHIBIT A

to the Complaint for (1) Inducement of Patent Infringement and
(2) Contributory Patent Infringement
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[571 ABSTRACY

A method for determining the position of a patient’s
organ with respect to at least two imaging devices in-
cludes a step of making at least one threa-dimensional
first image of an organ of a patient giving & first coordi-
nate system and of a surfage of the organ or skin region
using & first imaging devies without fiing any mark to
the patient, placing the patient in an operation site hav-
ing a second coordinate svstem and dstarmining o first
position of & second imaging device with respect to the
second coordinate system of the operation site. In addi~
tion, the method includes the steps of making 2 second
image with the second imuging device, matching the
first and second images and providing a third device
having & third coordinate system. The thind deviee is
positioned with respect to the second image of the sec-
ond device which thereby positions the third device
with respect to the first imags of the first imaging de-
vice.

10 Claims, 1 Drawing Sheet
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5,447,134

1

METHOD FOR DETERMINING THE POSITION
OF AN ORGAN

BACEKGROUND OF THE INVENTION

The present invention relates to the field of surgery
and of medical obssrvation, and more particularly re-
Yates; ta methods and devices for positioning a therapeu-
tie or disgnoslic tool a3 a function of three-dimensional
images, that cun be images carrted out before hand
(preoperation images) of a patient’s organ.

In the present application, *to6l” is to be construed as
any therapeutic or diagnostic means carried cut on 2
patient. The tocol can be, for ezample, a device adequate
to insert 2 screw in 4 patient’s bone, g needle to cay
olt & puncture or simply to guide an optical fiber, a
radintion transmission apparatus designed fo act on a
tumor, or a medical imagmg devics such as 2 gamma-
scintigraphy camera, a positron emizsion tomography
{PET) spparatus, or a magnetosncephalopraphy
{MEG} apparatus.

In other words, an object of the invention it to ve-
cover, during a surgical procedore, the morphological
information that previoos three-dimensional (310) exam-
nations have provided. This situation is very frequently
encountersd in the medical domain. Two examples of
such a siluphon are given below.

I. Radiotherapy

Radiothcrapy consists in projecting onto a predeter-
mincd paticat's region, or on one of his organs, a radia.
tion bednt $0 as (o destroy or eliminate tumors existing
ie these argans Such therapy treatments must generally
be carried ou periodically and repeatadly. Therefore,
i each medical intervention, the radiation source musy
be repositioned with respect to the patient in order to
irradiate the selected region with the highest possible
acceracy to avord irradiating adjacent patient's organs
on which radiation beams would be harmful.

Tha initia]l diagnostic procedure has gencrally beea
carried out by an X-1ay scanner or by magnetic reso-
nance imaging {MRI) that allow {0 visualize the targes
sitc and the obstacles, and therefore to dafine an optinial
tharapeuatic. procsdane. The difficolty is to reposition
the patient when be must meceive the therapy treatment.
The method that is peegently used consists in simulating
the iniervention by replacing the lincar accelerator
{radiation source) by an X-ray tube. Two radiographies
(face and profile} of the patient are then obtained and
are visually comparad with the ptevious 3D informa-
ticn provided by the X-ray scanner or the MRI appara-
tus, The patient is moved, and radiographies are made
again until the patient’s positioning is deemed satisfac.
tory. A lipht bearn then materializes a marking on the
patient’s side, and this marking j& inscribed on the pa-
ticnt's skin itgelf with a marker. During the oradiation
seysion, the patient iz moved untl these marks on this
skin are in comcidence with light beams, that are identi-
cal for the linaar accelerator and for the simulation
radiologic system. This conventional method has nu-
merous drawbacks. Ome of them is to necessitate mewv-
ing the patiedt on the medical table so that he takes the
desired position, which is not easy and may compel the
patient to stay in 4n uncomfortable position, or cause
the patient to be 5o crisped that he will not be able to
stay in the desired pesition. Tt should be pointed out that
the patient’s potition most be as accurate as possible,
For example, in the case of the fnal radiotherapy scs-
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son of the prostate, where this organ only, included
within & sphere of 4 cm in diameter, iz targeted, with the
conventional methods, it is negessary to irradiate an
area of 10 cm in diameter tp ensore that the prostale is
appropiiately réached. Of coursc, this is not harmless
for the adjacent organs.

. Orthopedics

In grthopedics applications, the point is to provide an
assistance for introducing an object (for example a
serew) in the human body (usvally into a bone) accord-
ing t0 a linear path. ‘The shape of the boue i conven-
tionslly studied by 3D maging (X-ray scanner or MREI)
and the procednre of the medical intetvention is then
defined as 2 function of this image, especially as regards
the exact direction aleng whick the ool noust Ba in-
serted in order to reach exactly the desired position
without passing through regions of the body where it
can be harmiul.

Convatitionally, during the surgical procedure, radi-
ogvaphy is used 10 conirol the introduction of the tool.
Under usual conditions, the major drawback is that it is
aot possible to simultan¢ously make face and profile
images both of the target and of the object to be intro-
duced. Thie method ean therefors b ysed only = pust-
cxiori, as a means for verifying the appropriate position-
mg of the object (the progression being tracked in Teal
time on one projection only). Additionally, such & veri-
fication cantot be made quantitatively. The interprata-
tion is made by the operator alone. Pregent studies show
that with such techniques, in appromimately 10% of
ages, positioning i not ideal.

More recently, it has been propozed to improve the
use of a radiologic system in an aperation site to imple-
ment techniques for maiching thres-dimensional {3D)
with two-dimensional ZD) images (refet 1o 5. Lavallée
et al., “Ma:chiug 3D smooth surfsces with their 2D
pro} using 3D Digtance Maps” SPIE 1570, pp.
322-336, 1981). The problem with this method is that
the technique is expensive because kit requires the use of
a sophisticated radiclogic system capable of stedying
the target on several incidenecs and providing = signal
that ean be digitized. To avoid the drawbacks of the
radiologic systems, some medical teams have proposed
w0 make therapy intarventionsd using X-tay scanner or
MRI spparatue. It ig then easy o make comparison
between the pre-operation anil on-site images that pre
carried out with the same means. However, such ap-
proaches heve many drawbacks due o the fact that
they involve the simultanegus use of sophisticated imag-
ing tools and surgical tools. Among these drawbagks,
can be cited:
surgical copsiraints (asepsis . . . )
long inomobilization (for the duration of a surgical pro-

cedure) of expemsive materials (X-ray scanner or

MRI apparatus) whils it i desirabie to use such appas

ratuses continuously lor observation tasks, for a bet-

ter economy of operation,
the need for specifie surgical tools (in the case of the

MR] system, these tools must not generate artifacts

4nd, more particularly, must be non-ferromagnetic);

thie involves, for czemple, the uss of very expenswc
tocls made of tltamum,
the geometry of the imaging apparatuses (small-Jiame«

ter channed) renders the introduction of the surgical
tocls diffienlt.
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3
However, the development of such 3D image match-
ing technigues, dtspitu all the ahove-mentitmed draw-
backs, shows the interest of the medical teams in any
mcans capable of improving the accuracy of the intro-
duction of surgical tocls.

SUMMARY OF THE INVENTION

An ohject of the inveation is to provide a simple and
inexpensive method for making a series of on-site im-
ages of an organ that allows to pesition & tool in & prede-
texmined manner with respect to 2 series of 3D pre-
operation images.

To achieve this ohjest, the présent invention provides
the use, for making on-site images, of a Jeviee providing
a 3T marpholopic inage of sutface points of the orgpm
of intzresl or a skin region fixed with respect to the
organ. Then, this sorface point image is combined
{matched) with the pre-operation 3 functional image
that also contains information on the localization of the
surface points (of the organ or skin region).

To obtain & 3D morphologic image of the surface
points of the organ, the invention provides the use of
echography probes.

TFo abain 2 30 morphologic image of the surface

10

20

points of a skin region fised with respect to the organ 25

{far example an image of a pogtion of the patient’s head
that s fixed with respect 1o the brain), the invention
pravides the use of optical imaging devices,

Further, the invention provides to align the coordi-

nates of the tool with respeet 1o the coordinate system 30

of the organ which i in turtt defined by the prevpera-
tion image.

A szcond object of the invention i the matching of an
image from a secopd device that provides, as indicated,

2 30 morphologic imape of surfase points associated 35

with an orgen, and an image from a spegific apparatus
dispased within the same surgical me, such % & gAmmA-
sointigraphy camers, a positron emission tomography

{PET} apparatus, a magnetoencephalography (MEG)

apparatus, of 4 syrchrotron radiation apparatus, that 40

provides functional mformation on apecific regions of
this organ, thus making it possible to position these
specific regions of the organ

To achieve this sacond object, the invention provides

4
they reach interfzces where the acoustic impedance of

the medium presents high vadations {typically, a wa-

ter/grease interfacs). The same transduccr cen be used
for a short period of time as an ultra=scmic frequency
emitter, and, for a generafly Jonger period of time, a5 2
recever for the ultrazonde frequencies reflectsd by the
human hady. Tt is then possibls to measure both the time
nterval betwesn the emizsion and recaption (which
allows, taking into account on the speed of
uwtragonic frequencies it the cousidered medium, the
localization of the schography source} and the acho
intengity (which providez informaiion on the nature of
the echographing point).

The simplest operetion modality 8 to emit and re-
cover ultra-sonic frequencies im one direction only
(mode A). Then, one obtains a signal that is variable as
a function of time if the body’s tissues targeted by ech-
ography are mabile, Thig operation mode was the first
one to be used in medicine, particularly in cardiovascy-
lar applications {whert it made it possible 10 assess the
mobility of the hearth valvey, for example),

Tt is also possible 10 emit and collect the ultrasonic
frequencies in a plane portion of the space (mode B).
This 2an be achisvad by juxtaposing on a lincal rod a
series of fixed mono-dimensional trangducers, or by
rotating (mechanically or electronically), within a
plane, about a fixed point, a mono-dimensional trans-
ducer, Such an imaging modality has proven very valu-
able for the study of “‘soft organs™, more particnlarly in
gynecology, obstetrics and gastroenterology field.

Additionally, there exist many clinical situations in
which echography provides the most valuabile informa-
ticn (more partcularly im the gastroenterglogy,
gynecology-obatetrics and cardiology domaing). Echo-
graphies are also very useful for gniding surgical proce-
dures (they permit, for example, to comtrel the introdue-
tiom of punctore needles throogh the homan body).

Additionally, the echography system has over an
K-ray scanner and MRI apparatus the following advan-
tages:

© its cost i3 approximately 10 times lower,

for previously localizing an initial position of the first 43

device and of the specific apparatus by making them
pinpoint 4 samne target that is visible by both of them
(for example in ultra-sonic frequenciez and in gamma
rays in the case of an echography probe and of a gam-
ma-scintigraphy cemera),

One of the ariginalities of the invention lies in the use
of a device thet does not provide functicnal information
but only images of surfacs pdints to serve as an interme-
diate device operable for matching different coordinate

0

systems. In particular, the iden of using an echography 54

probe to carry out this coordinate alignment is one of
the aspects of the invention since, a prior, an cchogra-
phy image provides less valuable information than g
MRI or scanner-type apparatus, Indeed, echography

uwsually provides a series of plane and independent &0

erogs-dectional images of an orgen instead of a volume
image structured in series of parallel image slices.

Renainders on Echopraphy

Bchography i3 #n imaging process that has bzen pro- 65

gressing since 1970, A transducer {piezaslectric orystal)
emits ultrasonic frequencies of several megahertz that
spread in the humsn body, but.can be reflected when

the emitter can be fabricated in the form of & probe that
is pressed ot the body, and has a light and easily
transportable structure: on the ¢ontrary, the X-ray
geanner and MRI apparatises are very cumbcrsome
and occupy a large volume in sn examination room,
a4 compared to the X-ray scanner, echography, like

MR, is absolutely barmless.

Above all, the main advantage of an echegraphic
gystem to provide morphologic images Ties in jts gim-
plicity of use and low cost,

Additicmally, usual preconceptions disregard the ech-
ography system for orthopedics analyses, that is, for
analyees of bones. Indeed, under common conditions,
ultra-sonic frequencies do not pass through the bones
that specalarly reflect them, Therefore, it is Impozsibie
to study the inner partion of bones by using ultrasonic
ftequencies. The study of a bont sucface s however
possible, although it is rendered diffigult because of the
specular character of the reflection of ultra-somic fre-
guencics. Since the reflection is made practically only
along the direction given by the Cartesisn law, cach
echngﬂphy of a bone gives images incInding little valy-
able information: only are seen portions of the cutline of
the bone whose normal is parallel to the direction of the
ultra-sonic frequencies.

However, for the application that is envisagad here, it
is sufficient, as wil be dezcribed hereinafier, to collcct &
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piece of informatiom on & point of the surface of 2 banc
at each echography sassion to implétiént the method
acconding to the invention Echography therefore also
applies to orthopedics applications.

More particularly, the invention provides a method
for determining rhe position of a patient's organ with
respect to at least two mmaging devices, The second
imaging device & a déviee providing an image of points
of the surfece of an organ or of a skin region of the
patient. This method includes the steps consisting in
determining the position of the second device with
respect to the coordinate system of the patient’s sup-
pott; making at least one cliché with the first devics,
whersby a seond image corrcyponding to a cloud of
points of the surfece of the orgen or of the skin region
is obtained; pmlang at least onc 3D image of the organ
and of its surface or of the surface of the skin region
with the first itnaging device; and matching the second
inags with the first mmage.

According to an embodiment of the invention, the
seoond imaging device is an echography probe, capahle
of providing, at #ach view, the distanoes within a view-
thg plane betwoen the probe and the interface batween
the organ and the adjacent medivm. The imaging tech-
nique consiks in moving the probe and making a cliché
for each of the plurality of predstermined positions of
the probe 50 25 to obtain, for each cliché, the position
with reipect to the probe of at least ope point of the
svrface of the organ, whereby 2 st /mage correspond-
ing to a cloud of points of the argan surface is obtained,

According v an embodiment of the invention, the
step of deteymining the position of the probe with e
spect bo the coordinate system of the patent’s support
inelndes the steps consisting in fixing che probe onto an
articulated arm of & coded yobot, viewing three poinis
of an echography sighting mark, rotating the probe by
180" about its ViE.wihg axis ain] vievwing again the three
points of the sighting mark, and resuming the two pre-
ceding steps for another position of the slghting mark,

Aepcording to an embodiment of the imvention, the
$ighting mark is formed by three parallel threads tight-
ened between two planes, and by three additicmal
thrcads that are made of a matetial reflecting ultrasonic
frequencies, and arranged in a triangle abutting against

15
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the three parallel threads. The sct of threads is im- 45

mersad i & medium capable of trapsmitting ulmasonic
frequencies, such as a water vesssl.

The invention provides a method for deternvning the
position of the patient’s organ in the on-site coondinate
system in order to avtomatically position a tool disposed
within this coordinate system avesrding to a strategy,
i.&. an orientation and & direction, that i defined by the
results of the anzelysis of the orpan made in & pre-opera-
tion coardinate gystem.

Io this case, the sacond device 18 disposed on site, in
an operation itz associated with a first coordinate sys-
tem, the first imaging device is disposed in a preopera-
tion site associated with & sécond coordinate system,
and the first imaging device is of a type adapted to
provide a 3D image of the surface of the grgan, and, if
raquirad, alsn of the skin surface, whereby the image
maiching step localizes the first coordinate systam with
respect to the second ome.

A embodjment of the invention provides the steps

55

0

consistiny in determining an action axiy of 8 surgical 65

tool with relation, t0 the pre-operation image taken in
the first coordmate sysiem, identifying this action axis in
the first coordihate system, and positioping & tool ac-

6

cording to ¢his action axiz in the secomd coordinate
system. When the “sorgical” tool is an analysis system
mounied on a sopport placed in the operation site but
indtpendent of the support of the first device, the identi-
fication of the tool's action axis is made by viewing a
same sighting mark by the second deviee and by the
tool. When the second deviee is an echography probe
and the tool iz a radictherapy apparatys having its
sphere of action marerialized by laser beams, the sight-
ing mark that is common to the echography probe and
10 this tool it an echography sighting mark to which is
added a cubic reflector pasitionsd in a determined man-
ner with respect to the latter.

The invention slso provides to use this method
position a morphalogic tmage with respect to a func-
tional image of an ergan, the functional image being
made, for example, by 4 gamma-scintigraphy camera or
a FET apparains.

Tn fhis case, the second device is positioned in an
operation site, and a third imaging device is uead, such
85 @ gamma-scintigraphy camera or PET, MEG or
synchrotron-radistion apparamus, placed tn the samc
operation site. The relative positions of the second da-
viee and third devices are defined by viewing a same
sighting mark by the second and third devices. The
image matching s made from this initial determination
of the ralative pogitions of the first and third devices.

According to an smbodiment of the invention, in
which the setomd devite is an echography probe, and
the third device iz a gamma-gciptigraphy or ME( appa-
ratus, the sighting mark is formed by hollow catheters
filled with a radicactive prodect, the sighting mark
inchading four tubes atranged m & noncollinear marner
between two parallel plates.

The foregoing and other obiects, featorss, aspects
and advantages of the invention will become apparent
from the following detailed description of the present
invention when taken in conjunction with the accompa-
nying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 ifisirates an exemplary sighting mark used
with sn echography system according to the invention:
and |

FIG. 2 schematically represents an cxemplary dual
echography/gamuna-scintigraphy sighting mark used
acconding to the invention.

DETATLED DESCREIPTION

As reminded above, for several medical, diagnostic
of therapeuties procedures, it is necessary 1o mateh (that
is, to make corvespond in a determined manner) a frst
coordinate systém in which a previous, pre-operation,
examination has pcrmitted to study a portion of the
anatoimy and to determine a surgical procedurs, and a
second, on-site, coordinate system in which the surgical
procedure is carried-ont. The prior art methods mainly
counsist in fixing fidusial marks visible both during the
surgical progedure and during the pre-operation sxami-
pation. As indicated sbove, such methods are often
inaccorate and diffieult to use.

The pre-operation xamination must allow the idanti-
fication of anatomic ponions (a vertebra, a prostate, the
brain . . - ) whose shape or the shape of the skin enve-
lope (the skin of the skull for the Brain)} will serve as a
reference for matching the coordinate systems. Thus,
one considers the case where the coordinate systems are
matched (“merged™) as 2 function of the organ itself or
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of its skin sovclope. Variows image processing tech-
miques can be nsad to implément thess operations by
nsing a so-called 3D segmentation step (refer to F. Leit-
ner, L. Marque. 5. Lavalide, P. Cinguin, Dynamic Seg-
mentaiion: “Finding the Bdges with Spline Snakes",
Proc. Int. Conf. on Curves and Surfacer, Chamonix,
Academic Press, pp. 279-284, (1991).

1sing an echography proba

In au cmbodiment, the present invention at pro-
viding a method in which the on-site image results from
2 cloud of poinis obiained by echography examination
of the region of interest, which permits visualizing ob-
Jjects that have been previously segmentad.

The difficulty lies in the conception of & protocol that
enables to associate the coordinates of the points that
were observed in echography with the op-site eoordis
nate system. To achieve this purpose, one must be capa-
ble of localizing the position of the echography probe in
the on-site (surgical) cogxdinate system.

According to a first implementation of the invention,
it % possible (o provide on the probe itself landmarks
detectable by an adequate sensor (for example, photolu-
minescent dicdes, vlita-sonic frequency emitters) that is

ju

20

rigidly fixed with reapect to the on-site coordinate sys- 25

According to another preferred embodiment of the
invention, the probe is rigidly fixed to the ¢nd of an
articulated arm of a robot. Then, cone determines both

the position of the probe with respect to the artioulated 30

srm ang the position of the coordinate system of the
articolated arm with regpact to the on-#ite ¢oordinate
sysiem.
1) Detarmining the relative position of the probe with
respect to the articulated arm
To aclieve thiy determination, the invention provides
for determining the position of the probe with TESDECL L0
2 calibration sighting mark that permits to see in echog-
raphy landmarks having a fixed spatial distribution.

35

These landmarks are scanned by the achography devices 40

and their actoal spatial position is comparsd with the
position providead by the coondinate transformer of the
robot’s arm for a theorctical position of the probe.
“Then, by using a non-lincar least square technique, it is

possible to identify rotation and translation parameters 45

that characterize the iransition from the coordinate
systam of the probe to the one of the arm.

Since the probe is rigidly fixed to the arm's end, the
transformarion that sssociates the coordinate system of
the probe with the coordinate system of the articulated
arm must be found. To achieve this purpose, three refer-
ence points of a sighting mark, that have to be studied in
at least two arbitrary posidons, are studicd.

One embodiment of a sighting mark aceording to the
invention is illustrated in FIG. 1, The sighting mark
includes, in a medivm capable of transmitting wltresonic
{requencies, for example a water vessel 10, three threads
1, 2 and 3 tightened barwasn two planes. Three addi-
tional hreads, 4, 8, and 6 conneet each couple of the
three threads 1, 2 and 3, and form a triangular pattern.
The tiiangle ¢an be fabricated by a thin thread made of
a material sensitive to echography svstem, zuch as &
Nylon thread. Then, by means of the articulated arm
manipulator {nol shown), a probe 11 is arranged 5o that

35

its plane beam 12 is coplanar with the plane of the three &5

threads 4, 5 and 6. When the probe ig within the trian-
gle's plane, this trianple is then perfeetly visualized and
its apex is deduwocted by caloulating the intersection of its

8
edges. From this position of probe 11, the probe is 1o-
tated by 180" about axis Z comprised within the plane of
the schography image, thus sllowing 1o identify the
rotation parasseters.

The calibration sighting mark is moved to another
arbitrary position so a5 t0 restne the visualization of
the points of the sighting mark according to two posi-
tiong of the ardeulated arm sypporting the echography
probe, the two positions being rotated one with respect
1o the other by 180°. Then, pi} the necessary data are
availsble to mplement a conventional calibration
method, such as deseribed. for example, by Y, C. Shiu et
al, “Finding the Moonting Position by Solving a Ho-
mogeneous Transform Equetion of Form AX=XB",
CH24133/87,/0000/1666, 1987, IEEE.

) Determining the position of the fidnais] mark of the
articutated arm and of the probe with respect to the
coordinate system of a surgical tool.

The surgical tool, for example a guide for introducing
a needle, may have been worked simultaneously with
the articulated atm cerrying the probe. In that case,
there is no particular positicning problem,

However, if the surgical tool was designed indepen-
dently of the srticulated arm carrying the probe, their
ooordinate systeéms have to be localized onc with re-
spect to the other.

In a first example, the surgical 100l s 3 garnmascintig-
raphy camera or a tomography apparatng, and a sighi-
ing mazk visible by the echography and gamma-seintig-
raphy systems is used to calibrate the respective cogrdi-
nate Systerns,

FIG. 2 shows spch an axemplary sighting mark com-
prized of four too-parsllel threads (26-23) tightened
between two paradle]l planes. The four threads are thin
catheters siretched between two plates 24, 25 made of
Plexiglass and are filled with a radioactive produst.
Oneeﬁ:emghtmgmarklsphoedmawatervessel it can
e ssen beoth in echography and mugraphy EYST&ME,
On cach ¢eross-sectionzl scintigrephy view, four radio-
active sources ars detecied, and on the echography
probe, one directly obgerves the intersections of the
four rods 20, 21, 22 and 23 that are siretched between
the Flexiglses plates 24 and 28 with the echopraphy
Planc. From these data, it is possible to restore the equa-
tions of the four lines 20, 21, 22, 23 in the coordinate
system of the echography system and s¢intigraphy cam-
TR

For each pair of rods 20, 21, 22, 23, one calculztes a
virtual point 30-38 defining the middle of the segment
whose lengih is the minimum distance beiween two
rody. One obiains a set of 6 points within the erbogra-
pky eoordinate system and a set of 6 points within the
camera coordingte sysiem. It is then poszible to apply a
known minimizing mathed, for oxample the method
described by X. 5. Arun et al. in EEEE “Transactions
on Pattern Analysis and Machine Intelligence®, Vol.
PAMI %, No 3, pp 698-700,

In a second example, the surgical tool is a radiother-
apy apparatus that is often associated with sources of
laser beams allowing to localize an anglc-shaped ortho-
gonal-edged reflector. One nses as a sighting mark an
echography sighting mark, for example as the one
shown in FIQ. 1, to which is fized, in & well determined
manner with respect to the three threadz 4, 5, 6, a reflec-
five edge that is positionad, for the initial calibration, at
the intersection of the Jaser beams.

Once the echography probe is perfectly positioned
with repect to the on-site (surgicel) coordinate system,
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one applies the method according to the invention con-
sisting in visualizing a cloud of image points of the
surface of the orpan of interast for several positions of
the echography probe so as to determine the position of
tha probe with respect 1o the organ coordinate systein
thai is defined by a 3D pre-operation image. I will then
be poszible to adapt the pozition of & tool localized with
respect to the probe {0 a determined strategy deter-
mined during the pre-operation phase,

Additionally, once the echography proba is Iocalized
with regpect to a dnat sighting mark as the one of FIG.
2, one can pinpoint an ipitial pogition with respect to
this dual sighting mark of m spparatus such as a gem-
ma-scintigraphy or tomography camera. The echogra-
phy probe ig then moved in a determined manngr with
respect to this initizl position, for example by an arm of
a coded robot. Thus, one knows af any time the position
of the camen with tespect to the probe. It is therefore
possihle to match echographic (morphelogic) images
with gamma-scintigraphy or tomogxaphy {(functional)
images, which provides very nsefil informatior for the
diagnostic procedure. Addirionally, it is possible, as
seen above, to match (merge) the echography images
with a 3B morphalogie image resubting from the analy-
sis by an X-ray scanney or a MR] apparates, The echo-
graphic images then serve as intermediate itmages, and
the combination of thess two types of image merging
allows to match the pamma-scintigraphy image with
the 3D morphologic image resulting from 2n X-ray
scanner or a MRI analysis.

Of course, as is apparent to those skilled in the art,
various maodificaticns ¢an be made to the above dis-
closed preferred embodiments, more particularly with
respact 1) the selection of the echography images to be
made, and the modes for providing & correlation be-
tween the pre-operation 30 images and the image of a
cloud of points obtained by cchography of 2 same or-
garm.

Using an image of & skin ragion

As caplained bereinabove, the organ 1o be Tocalized
can be fixed with respect 1o a gkin region of the patient,
a3 15 the case of the brain with respect to the patient's
haad.

A variant of the invention proposes to use a3 “first
device™ a non-contact 31 surface imaging devics, Pref-
erably, sech an imaging device is an oplical devies
based om a global imaging or a scanning iimaging.

1) Global methods

The Moird's methed it typical of global methods. One
Hses a structured light source, whose beam js parti-
tioned imto two sub-beams that are projected onto the
object to be aalyzed, and have twao different optical
paihs, wiich regult in intarfarence fringes. The analysis
of suah interfercoce fringes parmits deducting informa-
tion on the sarface of the object.

h) Scanming methods

A laser scam is typical of sesmning methods. In the
simplest version, the surface is {llgminatzd point-to-
point with a laser beam, whose pesition i perfectly
knpwn. The scene is observed by a camera squipped
with a filter corresponding o the wavelength of the
laser, whaosa pogition with reypect to the laser, as well as
the characteristic parameters, had been praviously de-
termined by celibration. 1t iz then casy (o define,
through & simnple triangulation, the position of the inter-
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section point between the laser and the object (which is
acinally ths intereection of twa lines of & known equa-
tion, the line of the laser, and the lins comnecting the
observed point with the optical focus of the camera). A
retating mirror, that very rapidly moves the direction of
the laser beam, is used to scan the object.

Such & method fAnds many applcations in the indus-
trial domain. The accuracy gan be very high (it & possi-
ble to pse extremely narrow laser beams, and-to take
inte account the gavssian foature of the beam, in order
to obtain precisions of approximately a few ten: of a
pm, if reguired).

A variant of this method i3 to have the laser beam to
pass thraugh s eylindric lens, which provide: 2 plane
¢mergent beam. This plane beam is then projected onto
the object, and its intersection witk the object iz ana-
Lyzed by a carmera disposed at a known pesition. In this
case also, it is easy 10 deduct from the processing of the
image thus obtained the spatial position of af] the inter-
section podnts of the laser plans with the object. Then,
it is merely necessary to translate the Jaser beam (or the
obj=et), or to rotate it about an axis, to "scan” the whole
object, and to anquirs the paints of its surface.

Reminder on the Magnetcencephalography (MEG)
A function of 3 MEG apparatus is to study the activi-
tics of the brain, by analyzinp its magnetic field emitted
during the variouz cerebral activitics, This magnetic
field is very low (much Jower than the earth magnetic
ficld). The patient's head is placed into a devics formed
by several probes dezigned 10 eollect the magnetic fi=lds
at the surface of the skull. The number of electrodes
osed i relatively limited (the most efficient spparatnges
presently use 128 elecirodes). In order to define a mag-
netic intensity map inside the braln. the conditions are
much mare imfavorable than, for example, the condi-
tions for restoring tomodensitometric images from radi-
ography projections. Indeed, on the one hand, the pum-
ber of available data iv much smaller (in tomodensitome-
1y teshnigue, for cach cross-section view, sevaral kon-
dreds of projection menstrement points, and several
humdreds of projections are available) end, on the other
hand, the propagation of the électromaguetic waves is
highly variable depending on the electrophysiclogic
characteristics of the tissucs that are taversed. The
“reverse problem™ 1o be solved for the MEG system is
therefors much less accurately defined than for the
tomodensitometry SyBtem. However, examinations that
¢2n be carried out prior 10 the MEG anulysis provide
that ix potentially of the grearest impor.
tance for the restoving of MEG images. The tomoden-
sitometry system allows, for exemple, to perfecily iden-
tify the bones of the erandal cavity. The skull’s bone is
the most important obstagle for the diffusion of the
electromagnetic waves smittad by the brain. The detar-
mination of ity thickness and it precise localization arc
thezefore very valuahle informstion in MEG technique.
The ventricle structures, whose elactric characteristics
are very spedsific, ¢an also be perfectly identified. As fior
the MRI system, it permits to differsntiate the gmrey
substanse friom tho white substance (that have diffarent
electric charaeteristics), and also to pmpoml potentially
emitting regioms. MEG examinations can indeed consist
in recording the eleciric activity of the brain during
well defined sensorimotor or imaginary tasks, that, as is
known, activate very well known regions of the brain,
that can be localized by the MRI system.
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The above description s intended to stress the advan-
tage of an casy and reliable method for repositioning the
coordinate system oF pre-operation examination sys-
tems, sach az MRT or X-ray scanner, bafore beginning
to calovlate MEKS imeges. Taking into account the
“pre-MEG” inforeaation thys available provides sub-
stantially impraved MEG images.
We claim:
1. A method for determining the position of a pa-
tisnt’s organ with respect to st least two Imaging de-
vices, including the following staps:
mgking at least one 3D first jmage of au organ of a
patient having a first ¢oordinate system and of a
surface of the organ or skin region with a first
imaging device while the patient is in a pre-opera-
tion site without fixing any mark to the patient:

placing the patient in an aperation site having a sec-
ond coordinate system;

determining a first position of a second imaging de-

viee with yespect to the second coprdinate sysiem
of the operation site;

making a second image with said second tmagmg

device, the second image corresponding o a aloud
of points of the suwrface of the organ or skin rogion;
matching the a léast one 3D first image and the sec-
cmd image where the at 12ast one 3D first imape i
loeated with respect to the first coordinate system

of the patient; angd
~providing a third device having # third coordinate
system in the operation site and determining a ftrst
position of the third device with respect 1o the
second image of the second imaging device

- whereby the third coordinate system of the third

device is positioned with respact to the second
tmapge of the s&cond imaging device and thereby
with respect to the at least one 3D first image from
the first imaging device.

2, The method of claim I, whercin the second imag
ing device is an echography probe, capable of provid-
ing, at each actuation, distances within a viewing plane
between gaid echography probe and an interface within
said viewing plane between suid organ and an adjacent
mediam, angd wherein the method further comprises
moving the echography probe and making a view for
each of a plarslity of predetermined positions of the
echography proba 20 ar to obtain, for each view, a
position with respect to the schography probe of at
l=ast one point of the surface of the organ, whershy said
second image corresponding to the clovd of points of
the surface of the organ is obtained.

3. The method of cleim 2, wherein the step of deter-
tining the position of the echography probe with re-
spect to the second coordinate systern of the operarion
site includes the steps of:

fixing the echopraphyprobe onto an artcnlated arm

of a robot, :

pinpoiil’ﬁng three paints of an echography sighting

mar

43

5a

53

rotating the gchography prabe by 180" shout a pin- &0

point axis and pinpointing again the thiee paints of
the echography sighting mark, and

resuming the pinpointing snd rotating ateps for an-
other position of the cchography eighting mark.

12
and by thres additional threads (4-6) that are made of 2
maierial réflecting ultva-goic frequencies, and -
wherein the three additiona] threads are arranged ina
triangle abuiting sgainst fhe three paralle] threads,
the set of thees parallel and addidonal threads
being immersed in a medivm capable of transmit-
ting wltya-4onic fregueocies,

4 A method for detenmining the position of a pa-
tient'z organ ascording ta claim 1, and for a2ting om suid
organ, wherein said third device is an operation tonl,
Forther comprising the following steps:

determining an action axis for said operation tool

with respect to 8 pre-operation image taken in &
first pre-operation coovdinate system,

identifying said action axis i the second coordinate

* gystem of the operation 3te, snd

positioning said operatiom to¢] 2ccording to zaid ac-

tion axis in the seoomd oodrdinate system of the
operation site.
6. The method of claim 5, wherein the identifying
step of the sction axis of the operstion toal, when said
operatint tos] 18 an analysiz system mounted on.a sup-
pori placed in the operation site but independent of the
support of the sacond device, further comprises the step
of pinpointing a same sighting mark in common with
the second ineging device and said operation tool,
7. The method of ¢laim 6, in which the secopd device
iz an echography probo and said operation tool is a
radictherapy apparatus having a sphere of act.ion mate-
riglized by laser beamy, the step of pinpointing the same
sighting mark common 1o the echography probe and 10
said operation taal Rurther comprisez the step of form-
Ing the same sighting miack according to the pinpototing
three points step of ¢laim 4 o which & adided a cubic
véflectar having edges positioned in a determined man-
ner with respect to said three additional theeads, and
wherein said cubic refléctor is initially placed in said
sphere of action by allgning the Jaser beams with the
tdges of the cubic reflector.
8. The method of claim 1, wherein:
taid thind device is an imaging device incleding one
of a gamma.zeintigraphy, PET, MEG or synchro-
E:;; radiztion apparutes providing a third imags,

the privviding step furthey comnprises the steps of:

defining relative posttions of the second imaging de-
vice and the third deviee by viewing a sighting
reark in the operation site with the second imaging
device and the third device, and

matching the at least one 3D image and the third
idmageofsbmﬂmtimagiﬂgdevicemdmethird

evice.

9. The method of claim B, whettin the second imag-
ing device is an echography probe and the third device
belonge 10 4 group comprisitg a gamma-scintigraphy
camera and 2 MEG gpparamns, and said defining step
further compriging the step of forming the sighting
ewark wiing hollow catheters filled with a mdioactive
product, the sighting mark mcluding fouwr tubes ar-
ranged in 2 non-collinear mahnér botween two paralig]
plates.

10. A method for determining the position of an
organ of a patient using at least two imaging devices,
comprising the steps of:

4. The mathod of ¢laim 3, wherein said pinpointing 65 making a fisst image of the organ with respeet to a

step further comprises the step of pinpointing three
points of the echography sighting mark formed by three
parallel threads (1-3) tightened between two planes,

first coordinate system using a first imaging davice;
placing the patisnt with respect t0 a second caordi-
nate sysiat: '
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determining a first position of a second imaging de- device with respect to the sccond fmape of the
vice with respect to the second coordinate system; second imaging devies, the third coordinate system
making a second image with said sccond 1magmg of the third device positioned with respect 1o the
device; . second image of the sécond imaging device and
matching the first image and the second images; and 5 with respect to the first image from the first imag-
providing a third device having a third coordinate mEg device.
system and detarpining a first position of the thind oy oo ox
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