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Description

[0001] The invention relates to a device for describing
and evaluating a three-dimensional anatomical structure.
[0002] The invention further relates to a method for de-
scribing a three-dimensional anatomical structure.
[0003] The invention still further relates to a computer
program for describing and evaluating a three-dimen-
sional anatomical structure.
[0004] Devices are known which can calculate and out-
put graphically a simulation of functional processes of
anatomical structures, for example the flow of blood
through an arterial system. If the simulation is to be
matched to characteristics of an individual, for example
if the aim is to examine constrictions or other abnormal-
ities in the blood vessels with regard to their effects on
the blood flow, it is required to input these abnormalities
manually, for example by specifying the site of the ab-
normality and of a constriction of the flow cross section
at this point.
[0005] However, such a device can be supplemented
only within the framework of the prescribed model, and
this signifies a limitation, particularly due to the fact that
the anatomical structures vary strongly individually.
Moreover, in many cases it is not necessary to obtain a
simulation of the function of the anatomical structure, for
example of an organ, it is merely desirable, rather, to
obtain a storable and unambiguous evaluation of exam-
ination results that is as simple as possible.
[0006] T. Berlage, "Augmented-Reality Communica-
tion for Diagnostic Tasks in Cardiology", IEEE Transac-
tions on Information Technology in Biomedicine, Vol. 2,
No. 3, September 1998 reports on the CardiAssist
project, in which a teleconsultation module has been im-
plemented that uses both ultrasound images and three-
dimensional (3-D) animated heart models as common
artifacts to support communication between medical pro-
fessionals.
[0007] T. Berlage, "Augmented Reality for Diagnosis
Based on Ultrasound Images", in CVRMed-MRCAS’97,
January 1997, Springer Verlag, Vol. 1205, pages 253 to
262 discloses a teleconsultation service for cardiologists
and cardiosurgeons that is based on three-dimensional
ultrasound images integrated with an animated virtual
heart (augmented reality).
[0008] US 5,987,345 A discloses a method and system
for displaying medical images and computer output from
various CAD schemes on the images. The system can
display various CAD schemes, such as the automated
detection of lung nodules, interstitial infiltrates, and heart
size, in the case of a chest image, on the image.
[0009] It is an object of the invention to provide a device
as described in the opening paragraph, wherein a report-
ing of the examination results is enabled in a simple way.
[0010] The device according to the invention compris-
es an input means to input individual examination data
of said anatomical structure, an output means, to output
a simplified two-dimensional image of said structure

based on a pre-stored image template comprising a
graphical model of clinically relevant structures of said
anatomical structure, wherein said pre-stored image
template utilizes a hierarchical data structure for mode-
ling the clinically relevant structures, said device being
arranged to graphically supplement said image with in-
dividualized details, the device being further arranged to
carry out an automated assignment of the individualized
details to said anatomical structure in said simplified two-
dimensional image, wherein the anatomical structure
comprises a heart and the details comprise a cardiovas-
cular system comprising coronary arteries, said device
being further arranged for dividing images of the arteries
into individual segments and undertaking an automated
naming of the segments of the coronary arteries.
[0011] According to the technical measure of the in-
vention the user can start from templates describing
standard morphologies. These morphologies can be
modified graphically by the user by means of the input
means, such as a keyboard, a touch screen, a mouse or
any other suitable input means. Such a modification can
enable moving operations, adding deleting, cut/paste
and transformation operations on the structures of the
template. The template can comprise a graphical model
of the clinically relevant structures. The structures can
be annotated with relevant clinical information. For in-
stance, coronary artery lesions can be described by their
location, severity and classification. Next to these other
kind of presentation of an information can be enabled,
for example a color coding of the severity of the stenosis.
Due of the fact that in accordance with the invention the
device supplies a simplified two-dimensional represen-
tation, this basic representation need not be prepared by
the examining physician, something which signifies an
easing of work. Further details which have been ob-
tained, for example, via x-ray examinations or other im-
aging methods for a respective individual can then be
supplemented on the basic structure output by the de-
vice. Due to the fact that, the device carries out a classi-
fication of supplemented details relating to the anatomi-
cal structure in an automated fashion, the device takes
over work which would otherwise have to be undertaken
by the operator, for example a physician.
[0012] In an embodiment the device according to the
invention comprises evaluation means arranged to eval-
uate shape, size, nomenclature and/or type of the details
in an automated fashion, said device further comprising
means arranged to produce a text report comprising eval-
uation results. The template of a structure, for example
of an artery tree can be stored electronically, printed-out,
modified and published through a network. The text re-
port can be stored in a database and can be made avail-
able via the database for further reporting. By means of
incorporation of a document component technology, like
activeX, the artery documents can be included as objects
and in-place activated in container programs like docu-
ment editors (Word or the like) and different Internet
browsers (Explorer). The information content of the out-
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put text report is not limited to the graphic presentation,
but it is possible for purposes of a statistical analysis, for
example to make use of a text report which is of the same
format in each case and therefore comparable between
the patients. This transmission of the graphic represen-
tation in the text report can be undertaken without action
by the user, and therefore without creating a workload.
Additionally, it is advantageous to insert the tool in a more
general workflow context, the artery information can be
related to the Radiology Information System (RIS) infor-
mation. In this way it will be possible to create multi-media
documents, where the model information and text report
are linked to real image data and can be simultaneously
updated. An example of such a link is a hyperlink. Ac-
cording to this technical measure an automatic reporting
is enabled. In order to support automatic report genera-
tion the document model must be supplied with a struc-
ture and nomenclature of the anatomic structure. This
can be done by means of a hierarchical data structure,
which will be explained in more detail with reference to
figures.
[0013] A still further embodiment of the device accord-
ing to the invention is characterized in that the device is
arranged to undertake an automated amendment of an
alpha-numerical information to the details or their parts.
The automated assignment of supplemented details can
consist with particular advantage of naming comprising
an alpha-numerical information. For example, if the name
of an artery is known, and the artery is divided into seg-
ments each segment can be named with the associated
technical term using nomenclature available to the de-
vice. The data of the segment thus named can further be
taken over into a text report in an automated fashion. The
naming of the main artery can likewise be performed in
an automated fashion, in which case, for example, the
device puts forward a proposal for a name of the respec-
tive anatomical structure, for instance the main artery,
with the aid of the marked geometry. This name can then
be verified by the user, for example a physician, or
changed as required. The names of the arteries are, thus,
partly static partly dynamic parameters. The manes of
the main arteries, like Left Anterior Descending (LAD),
Right Coronal Ascending (RCA) and Circumflex are de-
termined by the physiology and are prescribed automat-
ically. The association of these names with the model of
the simplified image can be made at forehand in the tem-
plate. For naming of sub-segments a more detailed mod-
el is required. For instance, the boundaries between the
proximal, mid and distal artery segments of the LAD are
determined by the locations of the first and the third di-
agonal branch segments. The branches are ordered
along their parent curves by means of the branch-index
and this provides a solution for the dynamic naming of
the artery segments.
[0014] A still further embodiment of the device accord-
ing to the invention is characterized in that the device is
arranged to undertake an automated assignment of the
details to a front or a back surface of the anatomical struc-

ture. According to this technical measure the simplified
two-dimensional image of the anatomical structure can
be evaluated internally as a three-dimensional structure.
For example, when inscribing a detail, such as an artery,
which crosses an edge contour of the image, the artery
is automatically judged as a connection between the front
and the back of the structure and its course is appropri-
ately indicated and stored.
[0015] A still further embodiment of the device accord-
ing to the invention is characterized in that the device is
arranged to undertake an automated calculation of a
functionality of the anatomical structure with reference
to abnormal regions. It is likewise particularly favorable
in the case of marked abnormalities, for example in the
case of occlusions, for the device to be able to represent
in an automated fashion the blood flow downstream of
the disorder as being reduced or stopped.
[0016] It must be noted that the device according to
the invention is preferably arranged to allow an image
manipulation by the user, for example a deformation of
the structure and/or a displacement of structure elements
relative to each other. The displacement of the arteries
can optionally be undertaken particularly favorably with
a constant inosculation angle over a curve, or with a con-
stant position of the sub-artery, in which case the inoscu-
lation angle could then be changed in an automated fash-
ion and calculated in each case by the device.
[0017] Further advantages and details of the invention
follow from exemplary embodiments of the subject matter
of the invention which are described below and illustrated
in the drawings.

Fig. 1 shows a schematic view of the parts of the
device according to an embodiment of the invention.
Fig. 2 shows an embodiment of a hierarchical data
structure utilized by a template according to the in-
vention.
Fig. 3 shows an illustration of a standardized classi-
fication and nomenclature of the system of coronary
arteries, the segments of which are named in ac-
cordance with a template.
Fig. 4 shows an illustration of a possible two-dimen-
sional projection that can be output by the device as
a simplified two-dimensional image,
Fig. 4a shows a schematic of a Catmull-Rom spline
function defined by six control points,
Fig. 4b shows a similar view to fig. 4a in relation to
an insertion of a new control point,
Fig. 4c shows a similar view to fig. 4b after extinction
of a control point.
Fig. 5 shows an illustration of an embodiment of an
elaborate representation of an arterial tree.
Fig. 5a shows an embodiment in which a branch of
a sub-artery is moved.
Fig. 5b shows an embodiment of a displacement of
the main artery. Fig. 5c shows an insertion of a new
control point above the simulated branching-off point
of a sub-artery.
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Fig. 5d shows a similar view to fig. 5c where the
insertion of the new control point below the branch-
ing-off point for the sub-artery is performed.
Fig. 6 presents in a schematic way an embodiment
of annotations added to an image.
Fig. 7 shows a schematic representation of an em-
bodiment of the data organization.

[0018] Fig. 1 shows a schematic view of the parts of
the device according to an embodiment of the invention.
The device 1 illustrated by way of example comprises a
keyboard as input means 2 and a display screen as out-
put means 3. A further output means 4, for example a
printer or a plotter or a connection to a local or global
network, for example the Internet, can be included. A
simplified two-dimensional image 5 of an anatomic struc-
ture, for example a human heart, is output on the display
screen 3 and/or on a further output means 4 of the device
1. By using, for example, a series of diagnostic exami-
nation data obtained, for example in an angiographic ex-
amination, a series of X-ray images can be presented on
a screen 6. The user of the device 1 can then make a
selection between a plurality of the simplified images 5
also referred to as templates, which are stored in the
device 1. These simplified images 5 are selected on the
basis of their correspondence to the basic shapes as
observed on the screen 6. For example, there is a fun-
damental distinction between a left-dominant and a right-
dominant type. Alternatively, it is also possible for the
selection to be undertaken by the device 1 in an auto-
mated fashion via an image recognition, for example, via
evaluation of X-ray images. With the aid of the examina-
tion data, which are generally formed by multiple images
from different views, details can then be added to the
simplified image as graphic elements either via automatic
image recognition or in dialogue with the user, in order
to supplement the two-dimensional basic structure 5 with
relevant details. The image supplemented in such a way
can be available overall as a file, for example, and can
be inserted as such, for example, as an activeX element,
in comprehensive programs, for example, in text
processing programs or in an Internet browser. Again,
the file can be embedded as a whole in a workflow con-
text, in order thereby, for example, to permit multimedia
outputs in which the model output of the heart can be
compared with the actual heart images, or in which, for
example, in addition to the model representation a text
file is also created with the relevant data from the graphic
conditioning.
[0019] Fig. 2 shows an embodiment of a hierarchical
data structure utilized by a template according to the in-
vention. In order to create a simplified two-dimensional
image of the anatomical structure being reported, the de-
vice is supplied with a template T. The template T com-
prises a structure and nomenclature in a generalized way
of the anatomical structure. The embodiment of the tem-
plate is discussed by way of example for a coronary artery
tree. The heart and the coronary artery can be modeled

by means of the hierarchical data structure given by the
template T. The logical build-up of the template is like a
tree, or a groove which can contain more than one tree.
At the top level a list of artery structures (A) is maintained.
The origins of the structures are constrained to the aorta
(AO). Each artery structure (A) contains a branch list (B),
which is pre-filled according to medical knowledge. The
branch list can also contain an index which serves to
position a certain branch within its parent artery. All ar-
teries are connected, and each artery belongs to a parent
artery, which is at the top level of the aorta. The arteries
are graphically modeled by means of Catmull-Rom
splines (S), comprising vector functions (V), which are
explained in more detail with reference to fig. 4. The aorta
itself can be modeled as an artery of the highest level,
or can be modeled as a part of the heart by means of a
description of two-dimensional contours. The final outline
representation (O) of the simplified two-dimensional im-
age is modeled and displayed by a recursive display rou-
tine. By using a suitable algorithms the z-ordering of the
arteries can be realized and is based on their relative
positions in the branch list (B). Therefore, the overlapping
arteries will be visualized accordingly on a front or a back
surface of the heart. It is clear that removing an artery
sub-tree simply involves a removing of the corresponding
branch from its parent branch-list. A selected artery sub-
tree can be moved relative to its parent artery by a mod-
ification of its branch index. It is possible by means of a
suitable indexing to move a branch within an artery or to
connect a branch to a different artery. Pasting or copying
of a sub-tree to a destination artery is done by attaching
the sub-tree to a destination artery of a given index, which
is calculated from the indicated destination position. The
destination position can be made known to the device by
the input means.
[0020] Fig. 3 shows an illustration of a standardized
classification and nomenclature of a system of coronary
arteries, the segments of which are named in accordance
with a template. In the fig., two arteries 8 and 9 which
branch off from the aorta bow 10 are illustrated by way
of example. A sub-artery 11 branches off in this case
from the artery 8. The marked blood vessels 8, 9 therefore
form a first hierarchy level, the sub-artery 11 being sub-
ordinate thereto. In order to illustrate the arteries the de-
vice according to the invention comprises a template
where corresponding midlines of the arteries are simu-
lated by means of, for example Catmull-Rom splines,
which are explained in more detail with reference to fig.
4. An initial width exhibited by the arteries about these
spline functions is likewise prescribed by the device, the
width varying depending on the hierarchy level: a main
artery is allocated a greater width than a sub-artery. A
second sub-level, branching off therefrom in turn, is out-
put with an even narrower cross section. The cross-sec-
tional width of the arteries output by the device, or of
other anatomical structures can, in addition, vary auto-
matically over the longitudinal course of the spline func-
tion, for example in such a way that the width of the artery

5 6 



EP 1 377 938 B1

5

5

10

15

20

25

30

35

40

45

50

55

decreases with increasing length thereof. It goes without
saying that the width of the artery and the course thereof
can also be matched in each case to individual findings.
[0021] Fig. 4 shows an illustration of a possible two-
dimensional projection that can be output by the device
as a simplified two-dimensional image 5. For cardiac ap-
plication it is a simplified basic image of a heart contour.
The relevant clinical information can be added to this
simplified image by means of Catmull-Rom splines. The
course of the representation of a Catmull-Rom spline
function is illustrated in fig. 4a. Six control points A, B, C,
D, E, F, which can be displaced, are marked. An individ-
ual segment of the function graph, for example a section
extending between the points B and C, is defined by four
consecutive control points, in this case the control points
A to D. For edge regions of the function graph, the outer
control point, that is to say A or F, is repeated in place of
the fourth control point for the definition of the spline func-
tion. Consequently, by way of example the shape of the
segment E-F is a function of the control points D to F.
[0022] New arteries can be formed by using new spline
control points, something which is possible, for example,
via an input aid such as a mouse, a joystick or other
drawing aids. Control points can be displaced, inserted
and extinguished in order to vary the shape of an artery.
It is possible in this case, for example, to click on the
artery, which is illustrated by the spline function, in the
near zone of one of its control points A, B, C, D, E, F, for
example via a mouse, and to drag this near zone to a
new site with the aid of the mouse. The control point is
then displaced to the new site, the spline function on
which the artery is based being correspondingly dis-
placed. This displacement is terminated upon release of
a depressed mouse key, for example.
[0023] If, by contrast, the artery is clicked on in an inter-
space between control points, a new control point is cre-
ated (compare fig. 4b, in which the control point E2 has
been newly created). The old control point E is then au-
tomatically extinguished upon release of the mouse key
or the like, the result being the new configuration of the
curve corresponding to fig. 4c through the new control
point E2.
[0024] It is not necessary in the case of this method
for individual control points to be calculated or displaced,
rather it is sufficient for the artery to be touched at any
site by the drawing aid in order to match the spline func-
tion appropriately. The user therefore need not have any
sort of knowledge of mathematical background.
[0025] A more elaborate presentation of an embodi-
ment of a cardio-vascular tree is schematically given in
Fig. 5. The arteries 8 and 9 have been added to the tem-
plate of fig. 4. The device 1 is arranged to automatically
assign the arteries 8 and 9 of the three-dimensional struc-
ture, which is illustrated only as a two-dimensional picture
in fig. 5, and to detect, for example which parts of said
arteries 8, 9 are to be assigned to the front of the heart
and which to the back of the heart. This assignment can
be illustrated graphically on the monitor screen by lighter

walls as contrasted with darker walls and can be per-
formed without any action of a user. This assignment is
possible in an automated fashion because the device 1
stores data according to their three-dimensional order. It
is also possible, for example, to undertake a rotation of
the anatomic structure in order thereby to view this struc-
ture from different directions.
[0026] It follows therefrom that, for example, even in
the case of the sub-artery 14 that is marked in fig. 5 and
inosculates with the artery 9 at the point 13, it is also
possible for the device 1 to detect that this inosculation
13 lies on the front of the heart. The illustration is under-
taken by the device correspondingly. By contrast there-
with, the sub-arteries 15, 16 and 17 marked in fig. 5 lie
on the back of the heart, and this is automatically as-
signed by the device 1 likewise in the case of marking
these sub-arteries.
[0027] In addition, the artery 9 has been split up in fig.
5 into the individual segments 9a, 9b and 9c by inserted
segment boundaries S1 and S2. Given known names of
the artery 9, the device 1 automatically names these in-
dividual segments in accordance with the nomenclature
standard specified in fig. 1, which is taken from the
ACC/AHA Guidelines for Coronary Geography, Journal
of the American College of Cardiology, Vol. 33, No. 6,
1999. The position of the marked segment boundaries
is included. The assignment of the branching 13 to the
segment 9c is marked, so that it is then possible to output
automatically in the patient report the point at which a
sub-artery 14 inosculates with the main artery 9. The
junction 13 can then be displaced by the user, it being
possible upon crossing of the segment boundary S2 or
later S1 for the device 1 to rename automatically the po-
sition of the junction 13, without any action of the user.
The text report would therefore automatically be adapted
by the device 1, which recognizes the position of the sub-
artery 14 relative to the main artery 9.
[0028] As is explained earlier the arteries are created
by the indication of the control-points. All top-level arter-
ies are constrained to the aorta. Their origin is forced to
be within the boundary region of the aorta. Artery branch-
es are created with reference to their parents, by indica-
tion of the connection point. This attachment position is
converted to the branch-index along the destination
spline. The discrimination of the arteries, as being con-
nected to the aorta or as branches to other arteries is
made on the basis of the position of the first point.
[0029] In order to interact with an individual artery, the
target spline must be selected, in which case it is high-
lighted. A specific spline can be selected by the user by
input means. The selection can be made undone by se-
lecting another spline or by any other appropriate way.
By changing the relative position of the control points
along the selected spline the coarse of the corresponding
artery can be modified.
[0030] It is also possible to change the position of the
branches on the artery. To move a branch relative to a
parent its index must be modified to a new position. By
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changing the index of the branch the branch can be
moved along the parent artery. As follows from fig. 5a,
the sub-artery 14 can be displaced relative to the main
artery 9 by using the drawing aid to access the point of
intersection 13 or its near zone and to displace it along
the main artery. It is not necessary in this case to hit the
point of intersection 13 exactly, instead it suffices for the
near zone of the branching-off point 13 to be clicked on
or the like. The position of the new point of intersection,
which is formed at the new branching-off point 13’, is
calculated in such a way that said point lies in each case
on the main artery 9. This automatically ensures that the
branching-off point of the sub-artery 14’ lies on the main
artery 9 and cannot be offset next to said main artery,
something which would be anatomically incorrect. A com-
pulsory adaptation to the anatomical conditions is there-
by automatically ensured by the device 1 and the com-
puter program stored therein in the exemplary embodi-
ment.
[0031] Instead of the displacement of sub-arteries, for
example, the sub-artery 14, it is also possible to vary the
main artery, for example artery 9, the branching-off point
13 for the sub-artery 14 also being moved in this case
such that, as may be seen from the mathematical model
in fig. 5b, the ratio of the distances of the branching-off
point 13 from the control point B, compared with the dis-
tance of the branching-off point 13 from the control point
C, automatically remains constant. Consequently, the
change in the main artery due to a displacement, of the
control point B here, by way of example, is automatically
attended by a displacement of the branching-off point 13.
Due to the automatic adaptation of the shape and length
ratios in the case of this variation, the device also auto-
matically changes all the names of the anatomical struc-
tures, for example of the arteries and sub-arteries, up to
possibly newly set segment boundaries, thus rendering
possible any desired change in shape by the user without
the latter having to think about adapting the naming.
[0032] This has the following significance for a dis-
placement of segment boundaries S1, S2 shown in fig.
5 when applied to the representation of arteries: in the
case of a displacement of the segment boundaries S1,
S2 undertaken by the user, the length ratios of, for ex-
ample, a branching-off point 13 in the segment 9c remain
constant relative to the boundaries thereof, that is to say
in the case, for example, of a displacement of the seg-
ment boundary S2 in the direction of S1, the device 1
would automatically also displace the branching-off point
13 of the sub-artery 14, such that the distance thereof
from the segment boundary S2 in relation to the total
length of the section 9c would be kept constant.
[0033] Figs. 5c and 5d illustrate the insertion of new
control points by clicking on the function graph, which
stands schematically for an artery, outside the near zone
of a control point. This results in different consequences
depending on the site at which a new control point, de-
noted here as B2, is inserted. The new control point B2
is inserted in fig. 5c between the previous control points

B and C, specifically in such a way that it is positioned
between the control point B and a branching-off point 13
for a sub-artery 14. The position of the branching-off point
13 is thereby automatically moved to the section between
the control points B2 and C. A displacement of the point
B, for example, would be insignificant for the position of
the branching-off point 13 below. If, by contrast, the con-
trol point C were displaced, then according to the illus-
tration in fig. 5b the connecting point 13 would also be
moved in such a way that the ratio of the distances be-
tween the point C and junction 13, on the one hand, and
the point B and connecting point 13, remains constant.
The conditions are reversed in fig. 5d, since there the
new control point B2 has been inserted between the
branching-off point 13 and the control point C. Corre-
spondingly, a movement of the point C would leave the
branching-off point 13 constant, whereas a displacement
of the point B would entail a co-movement of the branch-
ing-off point 13 for the purpose of keeping the relative
distances constant. Additionally, it is also possible to per-
form a displacement of sub-arteries in parallel to itself,
or alternatively by preserving an inosculation angle with
respect to the parent artery.
[0034] It can be clear from all of the above that remov-
ing an artery sub-tree simply involves removing the cor-
responding branch from its parent list. As described be-
fore a selected artery sub-tree can be moved relative to
its parent artery by a modification of its branch index.
Pasting/copying of a sub-tree to a destination artery can
be done by attaching the sub-tree to a destination artery
at a given index, which can be calculated from the indi-
cated destination position.
[0035] Fig. 6 presents in a schematic way an embod-
iment of annotations added to an image of the anatomical
structure being examined. It is likewise possible to use
a menu to select from a group of abnormalities, for ex-
ample occlusions (lesions), calcifications, thrombus,
ectasia, dissections. It is possible to arrange the hierar-
chical data structure in such a way that every artery con-
tains an annotation list. Each annotation has a start and
an end index position. By using these index positions the
annotated elements are tagged to the geometry of the
arteries. If a spatial position of an artery is modified by
user interaction the corresponding annotation is moved
accordingly due to its index, being referred to the index
of the artery. For example, a blood flow 21 can be shown
in each case downstream of an abnormality, for example
the occlusion 20 marked in fig. 14, the length of which
can be marked in the illustration and is evaluated by the
device 1. It is possible in this process to calculate a com-
plete arterial occlusion or a partial arterial occlusion, and
to output it via the output means. The blood flow is shown
variously, as appropriate. The vessel 21 no longer sup-
plied with blood is illustrated in fig. 14 as a dashed line.
A restoration of a vessel section no longer supplied with
blood per se can also be represented in an automated
fashion by the device 1 via grafts or similar auxiliary lines
from another main artery. For example, to restore the
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supply of the regions 21 otherwise no longer supplied
with blood an additional vessel 22 can be introduced.
The region 21 then acquires a representation which
makes clear, on the one hand, that it is no longer being
regularly supplied and that, on the other hand, supply
has been restored via a bypass line 22. It is thereby pos-
sible, for example, for the measure that is to be taken in
an operation to be simulated in advance. It is also pos-
sible to show the region 21 lying at the back surface of
the heart. Additionally, collaterals can be marked, which
can be performed in an automatic way. Each of the
marked abnormalities is recorded with regard to its di-
mensions and severity (percentage value) and can also
be represented with the aid of these data with more pre-
cise localization from the graphics in the text report.
[0036] As is illustrated in fig. 7, the data produced in
the visualization, denoted there as CAST (Coronary Ar-
tery System Tool) 30, can be stored in a database, de-
noted there as Cardiology Information System Data
Base. The data stored there are also available for exter-
nal applications such as, for example, document editors,
mail tools, browsers for the Internet etc. The information
is available not only as graphic data, but also, via its stor-
age in the database, as text files for statistical analyses
and the like, there being no need for any graphical eval-
uations for applications of this sort. The data obtained
can therefore be exchanged between completely differ-
ent systems, for example, beyond frontiers, without it be-
ing necessary to accommodate a possible plurality of
medical or scientific processing teams. For this purpose,
the anatomical structures are stored in the database as
network models and are assigned clearly via their posi-
tion, dimensions and their nomenclature.
[0037] The arterial length is calculated in each case
along the spline functions, and a respective point thereon
is stored as a percentage of the total length from the start
of an artery at the aorta up to its point (apex) lying remote
therefrom. Likewise, the lengths of the arterial segments
and any abnormal elements are marked and stored in
the same way by their relative position. The position of
sub-arteries and diseased features is stored via their re-
spective relative position, with reference to the length of
the higher-level structure, for example the artery, in the
direction of the blood flow. The origin of a sub-artery or
the midpoint of a pathological disorder is used for this
purpose.
[0038] Communication between the database 32, in
which it is also possible, for example, to store data for
stents or other aids in a clinically specific fashion takes
place in such a way that the graphics part 30 (Coronary
Artery System Tool) is available as a plug-in component
of the respective database 32. The plug-in component
31 can be arranged to make customised annotations of
data, which are not obligatory for the graphics part. The
graphics part 30 is arranged to make an association to
a respective parameter in the database 32. Therefore,
the changes made in the graphics part 30 are automat-
ically updated in the database 32 and can be reported

correctly, for example by means of a text report. This
automatically creates an interface for incorporating the
data into the system of the respective hospital 32. The
actual device need not be changed for this purpose. The
graphics data can be created, for example, by CAST as
a Bynary Large Object (Blob) or in the XML format, and
be incorporated in these formats into the respective in-
dividual patient database and can be made available for
external applications 33.

Claims

1. A device (1) for describing and evaluating a three-
dimensional anatomical structure, the device com-
prising:

- an input means (2) for inputting individual ex-
amination data of said anatomical structure,
- an output means (3; 4) for outputting a simpli-
fied two-dimensional image (5) of said anatom-
ical structure based on a pre-stored image tem-
plate comprising a graphical model of clinically
relevant structures of said anatomical structure,
wherein said pre-stored image template utilizes
a hierarchical data structure for modeling the
clinically relevant structures,

said device being arranged for:

- graphically supplementing said image with in-
dividualized details (7), and
- carrying out an automated assignment of the
individualized details (7) to said anatomical
structure in said simplified two-dimensional im-
age,

wherein the anatomical structure comprises a heart
and the details (7) comprise a cardiovascular system
(8; 9; 11; 14; 15; 16; 17; 18; 19) comprising coronary
arteries,
said device being further arranged for dividing imag-
es of the arteries (8; 9; 5 11; 14; 15; 16; 17; 18; 19)
into individual segments (9a; 9b; 9c) and undertaking
an automated naming of the segments (9a; 9b; 9c)
of the coronary arteries (8; 9; 11; 14; 15; 16;17; 18;
19).

2. A device as claimed in claim 1, wherein said device
comprises evaluation means arranged to evaluate
shape, size, nomenclature and/or type of the details
(7) in an automated fashion, said device further com-
prising means arranged to produce a text report com-
prising evaluation results.

3. A device as claimed in one of claims 1 or 2, wherein
the device (1) is arranged to undertake an automated
amendment of an alpha-numerical information to the
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details (7) or their parts.

4. A device as claimed in one of claims 1 to 3, wherein
the device is arranged to undertake an automated
assignment of the details (7) to a front or a back
surface of the anatomical structure.

5. A device as claimed in one of claims 1 to 4, wherein
the device (1) is arranged to undertake an automated
calculation of a functionality of the anatomical struc-
ture with reference to abnormal regions (21; 24).

6. A device as claimed in claim 1, wherein the device
is further arranged for selecting the pre-stored image
template from a plurality of image templates based
on automatic image recognition of the individual ex-
amination data.

7. A method for describing and evaluating a three-di-
mensional anatomical structure, comprising the
steps of:

- performing an input of individual examination
data of said anatomical structure by means of
input means into a device for processing the da-
ta,
- performing an output of a simplified two-dimen-
sional image of said anatomical structure based
on a pre-stored image template comprising a
graphical model of clinically relevant structures
of said anatomical structure by means of output
means, wherein said pre-stored image template
utilizes a hierarchical data structure for modeling
the clinically relevant structures,
- graphically supplementing the simplified two-
dimensional image with individualized details,
and
- carrying out an automated assignment of the
individualized details to said anatomical struc-
ture in said simplified two-dimensional image,

wherein the anatomical structure comprises a heart
and the details (7) comprise a cardiovascular system
(8; 9; 11; 14; 15; 16; 17; 18; 19) comprising coronary
arteries,
said method further comprising dividing images of
the arteries (8; 9; 5 11; 14; 15; 16; 17; 18; 19) into
individual segments (9a; 9b; 9c) and undertaking an
automated naming of the segments (9a; 9b; 9c) of
the coronary arteries (8; 9; 11; 14; 15; 16;17; 18; 19).

8. A computer program for describing and evaluating
a three-dimensional anatomical structure, said pro-
gram being operable for:

- performing an input of individual examination
data of said anatomical structure,
- performing an output of a simplified two-dimen-

sional image of said anatomical structure based
on a pre-stored image template comprising a
graphical model of clinically relevant structures
of said anatomical structure, wherein said pre-
stored image template utilizes a hierarchical da-
ta structure for modeling the clinically relevant
structures,
- graphically supplementing the simplified two-
dimensional image with individualized details,
and
- carrying out an automated assignment of the
individualized details to said anatomical struc-
ture in said simplified two-dimensional image,

wherein the anatomical structure comprises a heart
and the details (7) comprise a cardiovascular system
(8; 9; 11; 14; 15; 16; 17; 18; 19) comprising coronary
arteries,
said program being further operable for dividing im-
ages of the arteries (8; 9; 5 11; 14; 15; 16; 17; 18;
19) into individual segments (9a; 9b; 9c) and under-
taking an automated naming of the segments (9a;
9b; 9c) of the coronary arteries (8; 9; 11; 14; 15;
16;17; 18; 19).

Patentansprüche

1. Vorrichtung (1) zum Beschreiben und Beurteilen ei-
ner dreidimensionalen anatomischen Struktur, wo-
bei die Vorrichtung umfasst:

- ein Eingabemittel (2) zum Eingeben von indi-
vidualen Untersuchungsdaten der anatomi-
schen Struktur,
- ein Ausgabemittel (3; 4) zum Ausgeben eines
vereinfachten zweidimensionalen Bilds (5) der
anatomischen Struktur auf der Grundlage einer
vorab gespeicherten Bildvorlage, umfassend
ein grafisches Modell von klinisch relevanten
Strukturen der anatomischen Struktur, wobei
die vorab gespeicherte Bildvorlage eine hierar-
chische Datenstruktur verwendet, um die kli-
nisch relevanten Strukturen zu modellieren,

wobei die Vorrichtung angeordnet ist zum:

- grafischen Ergänzen des Bilds mit individuali-
sierten Details (7), und
- Ausführen einer automatisierten Zuordnung
von individualisierten Details (7) zur anatomi-
schen Struktur im vereinfachten zweidimensio-
nalen Bild,

wobei die anatomische Struktur ein Herz umfasst,
und die Details (7) ein kardiovaskuläres System (8;
9; 11; 14; 15; 16; 17; 18; 19) umfassend Koronarar-
terien umfassen,
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wobei die Vorrichtung weiter angeordnet ist zum Tei-
len von Bildern der Arterien (8; 9; 5 11; 14; 15; 16;
17; 18; 19) in einzelne Segmente (9a; 9b; 9c) und
Übernehmen einer automatisierten Benennung der
Segmente (9a; 9b; 9c) der Koronararterien (8; 9; 11;
14; 15; 16;17; 18; 19).

2. Vorrichtung nach Anspruch 1, wobei die Vorrichtung
ein Beurteilungsmittel umfasst, das angeordnet ist,
um die Form, Größe, Namensgebung und/oder Typ
der Details (7) auf eine automatisierte Weise zu be-
urteilen, wobei die Vorrichtung weiter Mittel umfasst,
die angeordnet sind, um einen Textbericht zu erstel-
len, der Beurteilungsergebnisse enthält.

3. Vorrichtung nach einem der Ansprüche 1 oder 2, wo-
bei die Vorrichtung (1) angeordnet ist, um eine au-
tomatisierte Berichtigung einer alphanummerischen
Information zu den Details (7) oder deren Teilen zu
übernehmen.

4. Vorrichtung nach einem der Ansprüche 1 bis 3, wo-
bei die Vorrichtung angeordnet ist, um eine automa-
tisierte Zuordnung der Details (7) zu einer vorderen
oder hinteren Fläche der anatomischen Struktur zu
übernehmen.

5. Vorrichtung nach einem der Ansprüche 1 bis 4, wo-
bei die Vorrichtung (1) angeordnet ist, um eine au-
tomatisierte Berechnung einer Funktionalität der
anatomischen Struktur mit Bezug auf anormale Re-
gionen (21; 24) zu übernehmen.

6. Vorrichtung nach Anspruch 1, wobei die Vorrichtung
weiter angeordnet ist zum Auswählen der vorab ge-
speicherten Bildvorlage aus einer Vielzahl von Bild-
vorlagen auf der Grundlage von automatischer Bil-
derkennung der individuellen Untersuchungsdaten.

7. Verfahren zum Beschreiben und Beurteilen einer
dreidimensionalen anatomischen Struktur, umfas-
send die Schritte:

- Vornehmen einer Eingabe von individuellen
Untersuchungsdaten der anatomischen Struk-
tur mittels Eingabemitteln in eine Vorrichtung
zum Verarbeiten der Daten,
- Vornehmen einer Ausgabe eines vereinfach-
ten zweidimensionalen Bilds der anatomischen
Struktur auf der Grundlage einer vorab gespei-
cherten Bildvorlage, umfassend ein grafisches
Modell von klinisch relevanten Strukturen der
anatomischen Struktur, mittels Ausgabemitteln,
wobei die vorab gespeicherten Bildvorlage eine
hierarchische Datenstruktur zum Modellieren
der klinisch relevanten Strukturen verwendet,
- grafisches Ergänzen des vereinfachten zwei-
dimensionalen Bilds mit individualisierten De-

tails, und
- Ausführen einer automatisierten Zuordnung
der individualisierten Details zur anatomischen
Struktur im vereinfachten zweidimensionalen
Bild,

wobei die anatomische Struktur ein Herz umfasst,
und die Details (7) ein kardiovaskuläres System (8;
9; 11; 14; 15; 16; 17; 18; 19) umfassend Koronarar-
terien umfassen,
wobei das Verfahren weiter das Teilen von Bildern
der
Arterien (8; 9; 5, 11; 14; 15; 16; 17; 18; 19) in indivi-
duelle Segmente (9a; 9b; 9c) und das Übernehmen
einer automatisierten Benennung der Segmente
(9a; 9b; 9c) der Koronararterien (8; 9; 11; 14; 15;
16;17; 18; 19) umfasst.

8. Computerprogramm zum Beschreiben und Beurtei-
len einer dreidimensionalen anatomischen Struktur,
wobei das Programm betriebsfähig ist zum:

- Vornehmen einer Eingabe von individuellen
Untersuchungsdaten der anatomischen Struk-
tur,
- Vornehmen einer Ausgabe eines vereinfach-
ten zweidimensionalen Bilds der anatomischen
Struktur auf der Grundlage einer vorab gespei-
cherten Bildvorlage, umfassend ein grafisches
Modell von klinisch relevanten Strukturen der
anatomischen Struktur mittels Ausgabemitteln,
wobei die vorab gespeicherten Bildvorlage eine
hierarchische Datenstruktur zum Modellieren
der klinisch relevanten Strukturen verwendet,
- grafisches Ergänzen des vereinfachten zwei-
dimensionalen Bilds mit individualisierten De-
tails, und
- Ausführen einer automatisierten Zuordnung
der individualisierten Details zur anatomischen
Struktur im vereinfachten zweidimensionalen
Bild,

wobei die anatomische Struktur ein Herz umfasst,
und die Details (7) ein kardiovaskuläres System (8;
9; 11; 14; 15; 16; 17; 18; 19) umfassend Koronarar-
terien umfassen,
wobei das Programm weiter betriebsfähig ist zum
Teilen von Bildern der Arterien (8; 9; 5 11; 14; 15;
16; 17; 18; 19) in individuelle Segmente (9a; 9b; 9c)
und Übernehmen einer automatisierten Benennung
der Segmente (9a; 9b; 9c) der Koronararterien (8;
9; 11; 14; 15; 16;17; 18; 19).

Revendications

1. Dispositif (1) pour décrire et évaluer une structure
anatomique tridimensionnelle, le dispositif
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comprenant :

- un moyen d’entrée (2) pour entrer des données
d’examen individuelles de ladite structure ana-
tomique,
- un moyen de sortie (3 ; 4) pour délivrer en sortie
une image bidimensionnelle simplifiée (5) de la-
dite structure anatomique sur la base d’un mo-
dèle d’image pré-stocké comprenant un modèle
graphique de structures cliniquement pertinen-
tes de ladite structure anatomique, dans lequel
ledit modèle d’image pré-stocké utilise une
structure de données hiérarchique pour modé-
liser les structures cliniquement pertinentes, le-
dit dispositif étant agencé pour :
- compléter graphiquement ladite image avec
des détails individualisés (7), et
- effectuer une affectation automatisée des dé-
tails individualisés (7) à ladite structure anato-
mique dans ladite image bidimensionnelle sim-
plifiée,

dans lequel la structure anatomique comprend un
coeur et les détails (7) comprennent un système car-
diovasculaire (8 ; 9 ; 11; 14; 15 ; 16; 17 ; 18 ; 19)
comprenant des artères coronaires,
ledit dispositif étant en outre agencé pour diviser des
images des artères (8 ; 9 ; 5 11 ; 14 ; 15 ; 16 ; 17 ;
18 ; 19) en segments individuels (9a ; 9b ; 9c) et en-
treprendre une désignation automatisée des seg-
ments (9a ; 9b ; 9c) des artères coronaires (8 ; 9;
11 ; 14 ; 15 ; 16 ; 17 ; 18 ; 19).

2. Dispositif selon la revendication 1, dans lequel ledit
dispositif comprend un moyen d’évaluation conçu
pour évaluer de manière automatisée la forme, la
taille, la nomenclature et/ou le type des détails (7),
ledit dispositif comprenant en outre un moyen conçu
pour produire un rapport de texte comprenant des
résultats d’évaluation.

3. Dispositif selon l’une des revendications 1 ou 2, dans
lequel le dispositif (1) est agencé pour entreprendre
une modification automatisée d’informations alpha-
numériques des détails (7) ou de leurs parties.

4. Dispositif selon l’une des revendications 1 à 3, dans
lequel le dispositif est conçu pour entreprendre une
affectation automatisée des détails (7) à une surface
avant ou arrière de la structure anatomique.

5. Dispositif selon l’une des revendications 1 à 4, dans
lequel le dispositif (1) est conçu pour effectuer un
calcul automatisé d’une fonctionnalité de la structure
anatomique en référence à des régions anormales
(21 ; 24).

6. Dispositif selon la revendication 1, dans lequel le dis-

positif est en outre agencé pour sélectionner le mo-
dèle d’image pré-stocké parmi une pluralité de mo-
dèles d’image sur la base de la reconnaissance
d’image automatique des données d’examen indivi-
duelles.

7. Procédé de description et d’évaluation d’une struc-
ture anatomique tridimensionnelle, comprenant les
étapes consistant à :

- effectuer une entrée de données d’examen in-
dividuelles de ladite structure anatomique au
moyen d’un moyen d’entrée dans un dispositif
pour traiter les données,
- effectuer une délivrance en sortie d’une image
bidimensionnelle simplifiée de ladite structure
anatomique sur la base d’un modèle d’image
pré-stocké comprenant un modèle graphique de
structures cliniquement pertinentes de ladite
structure anatomique au moyen d’un moyen de
délivrance en sortie, dans lequel ledit modèle
d’image pré-stocké utilise une structure de don-
nées hiérarchique pour la modélisation des
structures cliniquement pertinentes,
- compléter graphiquement l’image bidimen-
sionnelle simplifiée par des détails individuali-
sés, et
- effectuer une affectation automatisée des dé-
tails individualisés à ladite structure anatomique
dans ladite image bidimensionnelle simplifiée,

dans lequel la structure anatomique comprend un
coeur et les détails (7) comprennent un système car-
diovasculaire (8 ; 9 ; 11 ; 14 ; 15 ; 16 ; 17 ; 18 ; 19)
comprenant des artères coronaires,
ledit procédé consistant en outre à diviser des ima-
ges des artères (8 ; 9 ; 5 11 ; 14 ; 15 ; 16 ; 17 ; 18 ;
19) en segments individuels (9a ; 9b ; 9c) et à entre-
prendre une désignation automatisée des segments
(9a ; 9b ; 9c) des artères coronaires (8; 9; 11 ; 14 ;
15 ; 16 ; 17 ; 18 ; 19).

8. Programme informatique pour décrire et évaluer une
structure anatomique tridimensionnelle, ledit pro-
gramme pouvant être utilisé pour :

- effectuer une entrée de données d’examen in-
dividuelles de ladite structure anatomique,
- effectuer une délivrance en sortie d’une image
bidimensionnelle simplifiée de ladite structure
anatomique sur la base d’un modèle d’image
pré-stocké comprenant un modèle graphique de
structures cliniquement pertinentes de ladite
structure anatomique, ledit modèle d’image pré-
stocké utilisant une structure de données hié-
rarchique pour la modélisation les structures cli-
niquement pertinentes,
- compléter graphiquement l’image bidimen-
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sionnelle simplifiée par des détails individuali-
sés, et
- effectuer une affectation automatisée des dé-
tails individualisés à ladite structure anatomique
dans ladite image bidimensionnelle simplifiée,

dans lequel la structure anatomique comprend un
coeur et les détails (7) comprennent un système car-
diovasculaire (8 ; 9 ; 11; 14; 15 ; 16; 17 ; 18 ; 19)
comprenant des artères coronaires,
ledit programme pouvant en outre être utilisé pour
diviser les images des artères (8 ; 9 ; 5 11 ; 14 ; 15 ;
16 ; 17 ; 18 ; 19) en segments individuels (9a ; 9b ;
9c) et entreprendre une désignation automatisée
des segments (9a ; 9b ; 9c) des artères coronaires
(8; 9; 11 ; 14 ; 15 ; 16 ; 17 ; 18 ; 19).
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