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Geometry matching for imaging medical apparatus

The invention relaks o a method of generating aratemically matehing images
by means of @ system which includes at least two imaging medical apparatus.

The invention also reletes to a system for carrying out the method.

In conternporary medical practice it is often desivable to examine & patient by
means of a plurality of imaging medical apparatus, eack imaging medical apparatus
producing its own data set for diagrosis or further treatment, The evaluation of cranial
disorders js an example of such multi-facility disgnosis. It is knewa that an MR apparatus
constifiztes a suitable diagnostic facility for the imaging of soft tissues. In the casc of, for
exammple, a crantal tumor it may be desirable to image a region of interest of the patient
turther by means of, for example a CT apparatus and pogsibly additionally by means of 2
PE! scanner. Hor the determination of the location of the disorder it is necessary to compare
and match the volume data produced by such imaging medical apparatus. In conterporary
medical practice all sets of volume data ave acquircd independently of one another; the
matching of the geomatries so as tv realize anatomically matching images is perfsmed in

retrospect by seleciion and computer reconstruction of the relevant data sets.

Such a methed for 1strospective matching of the geomstries for different
images produced by imaging medical apparatus is knovwn from the article by F.W. Zonmeveld
"4 decade of clinical three-dimensional imaging: a review", Investigative Radiology, 29, Na.
7, 1994, The cited publication discloses a method for the matching of azatomically
corresponding images from data sets already produced by different imaging medical
apparatus. The ohjects to be imaged may be a variety of cranial disorders, for example
tumors or neurovascular anomelies. The known method for matching the objects to be
imaged utilizes a pattern recognition algorithm jn combination with oiher algorithns, far
example, an image reconstruction algorithm. The known matching method has a drawback in
that the matching of the relevant objects can take place only in tetrespect, so that the
matching of the images could be affected by geometrical distortion of the original images.

Moreover, such matching methods genecally are very time~consuming and their success is

JP 2004-502484 A 2004.1.29
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lighly dependent on the matching algorithm used. Funthermore, sxecution of sach methods
pecessitates interaction with the 1ser. These problems hocome critical notably in the cese of
cranial interventions which nmst not only be fast but also very precise so as to minimize any

side effects of the intervention.

Ii is an ohjeet of the present invention to provide 2 methed of producing
anatemically comesponding images by matching the goometeies of difforent imaging medical
apparatus in prospective. To this end, the methed in avcordance with the invention is
characterized in that it includes: acquisition of a data sef containing a first image by means of
a first apparatus; selection of a plane containing the first image from the data ser; assignoment
of first co-ordinates relative to the ficst apparatus to the plane containing the first image;
making the first co-ordinates available to the second apparatus; adjustment of the second
apparatus i conformity with the first co~ondinates; formation ef the second image while
utilizing said adjustment, Tn conformity with this metkod an initial acquisition of the data set
of a patient iz performed by means of the first imaging medical apparatus. In order to relate
the spatial position and the orfentation of this data set to the spatial adjnsunent of the tirst
imaging medical apparatus, co-ordinates relaiive to the first iaging medical apparatus are
assigned to said data set. Generally speaking, the dala set may be a two-ditensional data sct
or a three-dimensional data set, A two-dimensional data set is livaited to a cross-section of the
patient; 4 three-dimensicnal dals set may contain a number of two-dimensional planes or may
consist of inteinsic thyee~dimensionat volume data, that is, no structure of planes is
distinguished yet upon. storage of this data. Generally speaking, a plane containing
information that is relevant to the diagnosis does net cerrespond to one of the planes of the
original two-dimensional data set. A selection step for selecting or reconstructing a plans:
containing the first image is also required when the duta set is a three-dimensional velume
data set. This data processing step can be performed by means of reconstruction algorithms
that are kmown per se. After selection of ihe plans containing the first image, the first co-
ordinates relative to the fivst imaging medical apparatus are assigned to this plane. The first
plane is thus characterized relative to the first imaging medical apparatus. In order to produce
an anatomically corresponding image with the second imaging medical apparatus, this
apparatus must be adjusied in conformity with the first co-ordinates. This becorues possible
by making the first co-ordinates available to the second apparatus, Generally speaking, it is
desirable that for the adjusiroent of the sceond apparatus in conformity with the first co-

JP 2004-502484 A 2004.1.29
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ordipates fhe second apparatus performs a socalled co-ordinate transformation operation so
a5 to caloulate own co-ordinates that define a second plane thar cortesponds fo the fixst plane.
A number of imaging medical apparatus could act as the fisst imaging medical appararus in
the system. In that case the execution of the co-ordinate transformation necessitates the
storage of reference co-ordinates for every other imaging medical apparatus in the second
imaging medical apparatus. Alter the second apparalus has heen adjusted in conformity with
the first co-ordinates, the second image is formed; this second image anatontically
comesponds to ihe first image,

A first version of the method in accordance with the invention is chatacterized
in that the first ¢o-ordinates are made aveilable by means of a computer included in the
system. The computer in this version writes in the first co-erdinates of the first imaging
medical apparatus. This version offers the advantage that the computer can be arranged in
suck a manner that the first co-ordinates are made available in a format that suits the second
imaging medical apparatus. This may be necessary in 1 situation where the formats of the
first and the secorsd imaging medical appatatus are not cotnpatible. A firther advantage of
the incorporation of a computer in the system consists in the fact that the carpister can be
arvanged ag a central computer in which all information concerning the patients is stored so
as (0 avoid patient identification errors. The presence of a contral computer simplifies the
data iransport between the imaging apparatus in case an essential pause is inserted berween
the first and subsequent zcquisitions of the images. Moreover, the communication proiocol of
the system may be concelved such that the second imaging medical apparatus jtself
approaches the central computer concerning the availability of the first co-ordinates.

A further version of the methed in accordance with the nvention is
characterized in that for each conpected imaging medical apparatus a reference co-ordinate
system is stored in a table present in the computer. This version offers the advantage that all
information concerning the reference co-ordinates is stored in the computer so that the
individual imaging medical apparatus will not have to follow up o up-fo-date information
concerning any changes in the configuration of other imaging medical apparatus, for example
in 2 situation where new apparatus have been edded or apparuius thus far present have been
removed.

A Forther version of the method in accordance with the invention is
characterized jn that the second reference co-ordinate system is calculated from the first

wefetense co-ordinate system by the computor. This version offers the advantage that the

JP 2004-502484 A 2004.1.29
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second imaging medical apparatus does nof have to perform the co-ordinate transformation
operation, all co-ordinate transfoxmations being perfermed in the computer.

A finther version of the method in accordance with the invention is
characterized in that the first co-ordinates are made available via a cable which directly
inferconnects two imaging medioal apparatus. This special version is intended for a situation
where a number of imaging medical apparatus, for example two apparatus, co-operate in such
a manner that a direot exchange of information is necessary. The use of a cable between these
wo medical apparatus offors the adventage that the cable for the data fransmission is less
susceptible to inerference than a netwoerk or a radio I.i.nk..An example of such a system with
two imaping medical apparatus consists of a combination of an MR apparatas and an X-ray
apparatus, both of said apparatus being used, for example to carry out a cardiovascular
intervention. During this intervention a patient is inmebilized on a patient table that can be
transperted betwoen these two medical apparatus, Furthermore, a relation is known betwesh
the reference co~ordinaic systems of these two medical eppaxatus. After the selectionof 2
first relevant plane within the first data set and after assignment of the first co-ordinates to
this first plane, the adinsting co-ordinates are applied to the X-ray apparaius via the data
tansmission cable. Subsequently, the patient is transported to the X-ray apparatus on the
same paﬁ-ent table. The adjusting co-ordinates determine the position of the gantry of the X-
ey apparatus relative to the patient izble, so that an X-ray image can be formed. The X-ray
image of the patient formed in confonnity with this method anatomically eorrespondds to the
image of the first plane. This method of co-operation between an MR apparatus and an X-tay
apparatug offers the advantage that the exposure projection of the patient hy the X-ray
apparatus is known a priori, On-line optimization of the exposure projection can thus be
dispensed with, 5o that the overall radiation dose whereto the patient and the staff of the

operating room arve exposed during such an intervention is reduced.

These and other aspects of the invention will be described in detail hereinafier
with reference to some Figures, therein:

Fig. 1 illustrates diagrarmmatically the system for carrying out the method in
aceordance with the invention, and

Fig. 2 shows diagrammatically an exanople of a system as shown in Fig. 1in

which the apparatus are interconnected by a transmission cable.
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Fig. 1 shows disgrammatically an embodiment of a system 100 that is formed
by two imaging medical apparatus 10, 20 for carrying cut the method for generating
anatomically correspending nages in accordance with the invention. The first medical
apparatus 1 includes means 11 for the acquisition of the first data set. For exawpls, wheo the
first imaging medical apparatus is an MR apperatus, the device for producing and detecting
an RF signal forms part of the means Tor the acquisition of the first data set. In the case of an
X-ray apparatus, the Xeray tube and the X-yay detector form part of the means for the
acquisition of the first data set.

For the local assigmment of the signal acquired from the studied volume wilhin
the paticnt to the selting of the first apparatus 10, the latter is provided with assipnment
means 12 which assign the first co-ordinates relative to the fiest imapgmg wedical apparatus to
a plane containing the first image. For cases where a first image ihat is relevant to the
djagnesis i to be selecled from the already acquired data set, the fivst imaging medical
apparatus includes selection means 13. An example of such sefection means consists of a
compuier program that executes a data processing step. The assignment racans 12
subsequently assign the first co-drdinates to the selected image relaiive to the first imaging
medical apparatos. The first imaging medieal apparatus 10 alse inclodes means 14 for
rmaking the first co-ordinates available to the second apparatus 20. An example of such
cans consista of a standard TCTIF communication protocol. The petient is subsequently
examined by means of the secand imaging medical apparats 20 which includes means 21 for
the acquisition of an image. [n crder to adjust the second imaging medial apparatus 20 in
conforpity with the adjustment of the first imaging medical apparatus relative to the patient,
the apparatus 20 includes means 24 for writing in the first co-ordinates made available by the
—ﬁrst apparatus 10. This write step can be performed by way of a conumnunication protocol that
is known. per se, for example by means of a TCP/IP protocol. When the second apparatus is
of a type other than the first apparatus, it is necessary to perform a co-ordinate transformation
frown the {irst apparatus to the second apparatus. This step can be performed by means of
translation means 26. An example of such trauslation means consists of a conversion table
that is stored in the second apparatus. For the acquisition of an image that anatomically
corresponds to the first image by means of the second apparatus, the latter must be adjusted
in vonfosmity with the first co-ordinates. This step is executed by means of adjusting means
25, Subsequentty, the image anatomically correspending to the fitst image is acquived by
means of the means 21 of the second apparatus 20. 1f desired, the execution of the operational

JP 2004-502484 A 2004.1.29
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steps coneerning the making available of the first co-ordinates, the writing in of the first co-
ordinates and the transiation of the first co-vrdinates to the co-ordinates that are suitahle for
the second apparatus can be delegaied to 4 computer that is included in the sysiem. An
examplc in which said functionalities are delegated o the compuier is diagrammartcally
represented by & functional block 30 in Tig. 1.

Fig. 2 itlusirates diagrammatically the co-operation between two imaging
medical apparatus 1, 2 for the execution of the method in accordance with the invention, said
apparatus being interconnected by means of a data transmission cable 3. The first apparatus 1
is an MR apparatus and the second apparatus 2 is an X-ray apparatus. An example of such
cu-operation of the two imaging medical apparatus can be found in a suife for cramal
interventions in which a region to e treated is defined by mcans of the MR apparatus and
subsequently examined by means of the X-ray apperatus. A patient 1o be examined is
immobilized on a patient tablc 4 that can be transported between the iable support systems &
and § of said apparatus. For a suitable operation of this assembly of medical apparatus it is
degirable that the relationship of the respeiive co-ordinate systems iz known and stored, fox
example, in one of the apparatus. The assembly operater as follows: first an image is formed
by means of the M. apparaitus 1. Subsequenily, a patient is transported, on the same patient
table 4, to the X-ray apparatus 2 wherehy an anatomically matching hnage is to be formed.
Because of the fact that the position of the patient relative to the patient table i3 nof changed
between the exposures by means of the medical apparatus 1 and 2, it is 4asy to adjust the
means 21 for the acquisition of an image anatomically corresponding to the first image by the
second apparatus 2. The oecessaty adjusting parameters afc made available to the second

apparatns via the data transmission cable 3.
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CLAIMS:
1. A methed of generating anatomically matching images by means of a system

{100} which includes at least two imaging medical apparatus (10, 20), characterized in thet
the method includes the foliowing steps:

- apquisition of a data set containing a first image by means of a fivst appaatizs
10);

- selection of & plane containing the first imajre from the data set;

- assigmment of first co-ordinates relative to the first apparatus to the plane
containing the first image;

- making the first co-ordinates available to the second apparatus;

- adjustment of the second appacatus (20) in conformity with the first co-
ordinates;

- formation of the second image while utilizing said adjustment.

2. A method as claimed in claim 1, whercin the first co-ordinates are made

available by means of a computer (30) included in the system,

ES A method as claimed in ¢laim 2, wherein for cach connected imaging medical
apparafus (10, 20) a reference co-ordinate system is siored in a table preseni in the computer
(30).

4, A method as claimed in claim 2 or 3, wherein the second reference co-ordinate

system. is calenlated from the first reference co-ordinate system by the comgputer (30).

A, A method s ¢laimed in claim 1, whercin a data set contaizing the fivst image
is stored in the cornputer £30) after acquisition by means of the first imaging medical

apparatus,

JP 2004-502484 A 2004.1.29
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6. A method as claimed in claim 1, wherein the first co-ordinetes are made
available via a cable (3) which direcily mierconneets two imaging medical apparatus (10,
20).

7. A system (100) for carrying out the method claimed in claim 1, including:

- a first imaging medical apparatus (10) for the acquisition of a first image;

- a second imaging rmedical apparatus (20) for the acquisition of a second
irmage that anatomically correspunds to the first image, characterized in that the system aiso
ineludes:

- means (12) for assigning first co-ordinates relative to the first imeging
medical apparatus {[0) to a plane confaining the first image;

- means (14) fer making the first co-ordinates available to the second
apparaius,

- the second imaging medical apparatus being provided with adjusting means

(25) for adjusting this apparatus in conformity with the first co-ordinates.

8. A system as claimed in claim 7, also including a computer (30) which is

arranged ta make the first co-ordinates available to the second imaging medical appaxatus.

9, A system as claimed o elaim 8, whetein the computer {30} is provided with a
table wherein a refercnce co-ordinate system is stored for each connected imaging medical

apparatns,

10, A system as claimed in claim 7, wherein the first imaging medical apparatus
(1) is an MRI apparatus and the second imaging medical apparatus (2) is an X-ray apparatus,

said apparatus being interconected by means of a data transinission cable (3).

JP 2004-502484 A 2004.1.29
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