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Description

[0001] The present invention as claimed relates to a
method of producing a medical report based on a volu-
metric scan of one or more internal organs of a subject,
said method comprising the steps of a) calculating two-
dimensional images for simulating a three-dimensional
view of the one or more internal organs based on the
volumetric scan; b) storing one or more of the two-dimen-
sional images; and c) incorporating one or more of the
stored two-dimensional images in the medical report.
[0002] Such a method is known from the article
"FreeFlight: A Virtual Endoscopy System" by Vining et
al., CVRMed MRC AS 1997 First Joint Conf Computer
Vision Virtual Reality, pages 413-416.
[0003] The known method concerns a virtual medical
examination technique of a human patient. Based on a
volumetric scan of said patient, for instance generated
by means of Computed Tomography, and by means of
virtual reality techniques a medically skilled person can
examine the internal organs of the patient without the
need for invasive examination. The three-dimensional
view is usually displayed on a powerful computer, such
as a workstation. A first medically skilled person can eval-
uate the three-dimensional view for different purposes,
such as diagnosis, preparing interventional procedures
and rehearsing surgical operations. In case of a diagno-
sis the textual part of the diagnosis is incorporated in a
medical report for review on a low-end computer by a
second medically skilled person. To visualize the diag-
nosis the text is usually accompanied by static screen-
shots of areas of interest to which the diagnosis refers.
[0004] The known method has the disadvantage that
the second medically skilled person reviewing the med-
ical report, which is usually an interventional physician,
receives only limited information with a static character
and misses the full viewing interaction that was available
to the first medically skilled person making the diagnosis.
[0005] It is an object of the method according to the
invention to produce a medical report with more informa-
tion which is still suitable for review on a low-end com-
puter.
[0006] The method according to the invention is there-
fore characterized in that the method further comprises
the steps of:

d) Providing a dynamical display of the stored two-
dimensional images for simulating at least part of the
three-dimensional view; and
e) Incorporating the dynamical display of the two-
dimensional images in the medical report.

[0007] Advantageously the large computations involv-
ing the calculation of the two-dimensional images can be
performed on a suitable high power computer first and
the resulting medical report incorporating the stored two-
dimensional images can then be transferred to a low-end
computer for review. By dynamically displaying the

stored two-dimensional images the reviewer keeps the
possibility to look around in at least part of the simulated
three-dimensional view thus receiving important extra in-
formation.
[0008] It is noted that method steps a) through d) are
known per se from the article "Mastering Interactive Vir-
tual Bronchioscopy on a Low-End pc" by Wegenkittl et
al in Proc. IEEE Visualization Conf. 2000, pages
461-464, ACM Press, 2000. This method, however, re-
fers only to the medical examination of the trachea of a
patient based on a volumetric scan thereof and is not
used for producing a medical report.
[0009] Prior art document US5986662 (by Argiro et al.,
published on November 16, 1999) discloses a method
for producing a medical report based on volumetric scan
of an organ, the medical report stores 2D images of views
from different directions and on particular planes of vol-
umetric data. According to a first preferred embodiment
of the method according to the invention step d) further
comprises the step of displaying the stored two-dimen-
sional images in a sequence. This way the reviewer is
given the impression to be immersed in the three-dimen-
sional environment as if he or she could "fly through it".
[0010] According to a second preferred embodiment
of the method according to the invention step d) further
comprises the steps of calculating a virtual environment
based on the stored two-dimensional images at one or
more viewpoints in the three-dimensional view; and al-
lowing interactive inspection of the virtual environment.
This embodiment provides the user the possibility to dy-
namically inspect the environment of a viewpoint inter-
actively.
[0011] In a further preferred embodiment of the method
according to the invention step b) for one or more view-
points further comprises the steps of: projecting a number
of two-dimensional images visible in different directions
from a view point of the three-dimensional view onto the
corresponding sides of an object; unfolding the object in
two dimensions; and storing the two-dimensional unfold-
ed object image. The thus calculated and stored images
are suitable for processing by a low-end computer. Pref-
erably the object is a cube. This allows for an intuitive
view of the patient data in two dimensions.
[0012] In yet a further preferred embodiment the meth-
od further comprises the step of folding up the object
image, thus forming the virtual environment. The already
available information is now efficiently used to recreate
the virtual environment for each viewpoint marked as im-
portant by the first medically skilled person producing the
medical report.
[0013] According to another preferred embodiment of
the method according to the invention slips with addition-
al image information are added to the borders of a
number of the sides of the object. Preferably the slips
comprise duplicate image information. This embodiment
assures that practically all information is visible and no
vital information is inadvertently lost by defining the bor-
ders or edges of the object onto which the two-dimen-
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sional images are projected or mapped. This is especially
an advantage when the internal organ under examination
has an irregular surface, as is e.g. the case with the colon
wall. Vital information about polyps or cancer could be
hidden in the convolutions thereof. By using this embod-
iment the complete information becomes visible to a very
high degree of nearly 100%.
[0014] In yet another preferred embodiment the meth-
od further comprises the steps of:

f) editing and/or analyzing a number of the images;
and g) adding the edited and/or analyzed images to
the medical report. The step of editing may comprise
all sorts of processing of the subject data performed
by a skilled person, such as defining a cross section
through one or more of the internal organs of the
subject. The step of analyzing may comprise all sorts
of processing of the subject data performed by a
skilled person, such as measuring at least part of the
internal organs. This advanced embodiment offers
the important possibility of extending the medical re-
port with additional information based on the exper-
tise and knowledge of the first medically skilled per-
son.

[0015] The invention further refers to a system to carry
out the method according to the invention, comprising a
data acquisition device comprising means for recording
the volumetric scan, which data acquisition system is
connected to at least one high-end computer with high
computational power, which high-end computer compris-
es means for producing the medical report and is con-
nected to at least one low-end computer, which low-end
computer comprises means for displaying the medical
report.
[0016] The invention also concerns a computer pro-
gram to carry out the method according to the invention.
[0017] The invention will be further explained by means
of the attached drawing, in which:

Fig. 1 shows an example of a two-dimensional image
as part of a dynamical display incorporated in a med-
ical report produced by means of the method accord-
ing to the invention; and
Fig. 2 schematically shows a system for carrying out
the method according to the invention.

[0018] In general the method according to the invention
refers to virtual medical examination techniques for ex-
amination of a subject, which is usually a human patient,
but can also for instance be an animal. Said techniques
allow an inner or outer view of hollow structures of the
subject, e.g. organs, blood vessels, etc., by means of
computer graphics. A virtual camera is placed in a three-
dimensional data volume representing (part of) the sub-
ject. The method according to the invention will now be
described according to a preferred embodiment, which
relates to virtual endoscopy performed on a human pa-

tient.
[0019] In order to acquire the 3D patient data several
known medical examination techniques can be used,
which are also generally referred to as "volumetric
scans", such as computed tomography (CT) or magnetic
resonance tomography (MR). The 3D data are visualized
by means of known virtual reality techniques. For this
purpose different suitable rendering techniques are
known in the field of computer graphics. Preferably use
is made of Iso-surface volume rendering techniques,
which are for instance described in the article "Iso-sur-
face volume rendering", by M.K. et al., Proc. of SPIE
Medical Imaging ’98, vol. 3335, pp 10-19. Thus a virtual
environment is created that simulates endoscopy.
[0020] These virtual reality techniques require exten-
sive computations since the three-dimensional view is
simulated by two-dimensional images that are to be cal-
culated for each new viewpoint, e.g. by means of per-
spective rendering techniques. In order to perform these
calculations and to show the resulting virtual environment
with a sufficiently high image quality a computer with high
computational power, such as a workstation, is usually
used.
[0021] When evaluating the three-dimensional view
the first medically skilled person stops at each view point
showing important information and decides whether or
not the information is to be incorporated in the medical
report and gives the corresponding instructions.
[0022] According to the invention two-dimensional im-
ages resulting from the rendering techniques described
above are projected or mapped onto a plane or the sides
of an object. The object is next unfolded in two-dimen-
sions and stored. The resulting stored two-dimensional
unfolded object image simulates a three-dimensional
view from a viewpoint from within the object. The first
medically skilled person evaluating the patient data and
making up the medical report decides which viewpoints
contain important information and should be incorporat-
ed in the medical report. The number of selected view-
points is unlimited. For each selected view point a two-
dimensional unfolded object image is created as de-
scribed above, stored and incorporated in the medical
report.
[0023] Various different objects can be used to map
the environment on, such as a cube, a sphere, a cylinder,
etc. Suitable projecting or mapping techniques are known
per se in the field of computer graphics. The two-dimen-
sional unfolded object images can be stored in different
formats, for instance a general format, such as jpeg or a
specific format, such as a Quicktime VR-format. The re-
sulting two-dimensional unfolded object images com-
prise a lot of information, but are suitable for display on
a low-end computer.
[0024] An example of a stored two-dimensional unfold-
ed object image resulting from the above projecting is
shown in fig. 1. Image 1 shows the inner colon wall of a
patient. As can be clearly seen the originally two-dimen-
sional images simulating the three-dimensional view are
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mapped on the sides of a cube 2, which is then folded
open in two dimensions. The six sides of the cube are
denoted as front (F), left (L), right (R), back (B), up (U)
and down (D). This way the user is given an intuitive
representation of the originally 3D information.
[0025] Preferably slips 3 with additional information are
added to the borders of a number of the sides of the cube.
Preferably these slips comprise duplicate information.
Generally the slips comprise information of adjacent
sides of the cube. In the embodiment shown slips are
added to the borders of the left, right and backside of the
cube 2. The added slips comprise information of areas
defined in the up (U) and down (D) side of the cube. The
dimensions of said areas correspond to the dimensions
of the added slips. Said areas are referred to as slip areas.
In the detailed embodiment shown the information of slip
area 2Ua is copied to added slip 3Lb as is indicated by
the arrow UL. The information of slip area 2Ub is copied
to added slip 3Ra as is indicated by the arrow UR. The
information of slip area 2Uc is copied to added slip 3Ba
as is indicated by the arrow. The information of slip area
2Ub is copied to added slip 3Ra as is indicated by the
arrow UR. Analogously the information of slip area 2Da
is copied to added slip 3Rb as is indicated by the arrow
DR. The information of slip area 2Db is copied to added
slip 3La as is indicated by the arrow DL. The information
of slip area 2Dc is copied to added slip 3Bb as is indicated
by the arrow DB. A single arrow denotes a rotation over
approximately 90 degrees whereas a double arrow de-
notes a rotation over approximately 180.
[0026] According to the invention the two-dimensional
unfolded object images, such as image 1 in fig. 1, which
are also referred to as stored two-dimensional images,
are incorporated in the medical report and displayed dy-
namically. For example the stored two-dimensional im-
ages can be displayed one after the other in a sequence.
As a result of this dynamical display the user is given the
impression to be immersed in the environment. The re-
sulting extended medical report can be displayed on a
so-called "low-end" computer, i.e. a computer with less
computational power, such as a personal computer, for
(re)simulating at least part of the three-dimensional view
that was shown earlier by the high-end computer.
[0027] Another example of dynamically displaying the
stored two-dimensional images comprises forming a vir-
tual environment based on the stored two-dimensional
images at one or more viewpoints in the three-dimen-
sional view and allowing interactive inspection of the vir-
tual environment. One practical and elegant way of form-
ing the virtual environment is by folding up the object
image. This can be performed by means of image based
rendering techniques, which are known per se in the field
of computer graphics. An example thereof is described
in the article " Quicktime VR- an image based approach
to virtual environment navigation", by S.E. Chen, SIG-
GRAPH 95, held on 6-11 August 1995, Los Angeles, Cal-
ifornia, USA, Conference Proceedings, Annual Confer-
ence Series, pp29-38.

[0028] The forming of the virtual environment can be
used as an alternative to or in combination with the above
described sequential display, both being ways of dynam-
ically displaying the stored two-dimensional images.
[0029] According to the invention the patient data proc-
essed by means of the above-described rendering tech-
niques are included in the medical report together with
accompanying text, such as the textual part of a diagno-
sis. The resulting extended medical report thus compris-
es the text together with the visual environment, in which
the user, usually a second medically skilled person, such
as a physician, can interactively inspect the patient data
on a low-end computer, while keeping full interactivity.
Such an extended report helps the user to make medical
judgements, for instance as to shape, position and spatial
environmental relations of any abnormalities found.
[0030] Preferably means are provided to add addition-
al information to the extended report. Generally the ad-
ditional information can comprise the result of analysis
or editing of the images. Some examples of additional
information are: an overview image with the locations of
suspicious areas; multiplanar reformats at the position
of the suspected abnormality or lesion; measurements
of (part of) the internal organs and annotations.
[0031] The method according to the invention is pref-
erably carried out by a computer program. The means
for incorporating additional information to the report can
then be activated by a click on a corresponding button
on the computer. For example, during inspection of the
patient data the user (the first medically skilled person)
has the option to press the so-called "add to report button"
each time he or she suspects a lesion or abnormality. In
the preferred embodiment the entire surroundings are
then automatically incorporated in the medical report to-
gether with an overview image displaying the location.
[0032] The system requirements for carrying out the
method of the invention are as follows. A suitable system
10 for performing the method by means of the computer
program is schematically shown in fig. 2. System 10
should comprise at least one high-end computer 11 hav-
ing high computational power, such as a workstation,
connected to at least one low-end computer 12, such as
a personal computer. The connection can be established
by any suitable means, for instance an internet or intranet
connection. The high-end computer 11 is preferably cou-
pled to the data acquisition system 13 for acquiring the
subject data. The subject data set can be acquired by
means of various techniques, such as 3D X-ray rotational
angiography, computed tomography, magnetic reso-
nance imaging or magnetic resonance angiography.
[0033] Now the method of the invention is explained a
skilled person will be able to translate the steps of the
method into a computer program to carry out the method.
The steps of such a computer program involving exten-
sive calculations are performed on the high performance
computer. Among these are the steps of calculating two-
dimensional images for simulating a three-dimensional
view of the one or more internal organs based on the
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volumetric scan and storing one or more of the two-di-
mensional images, which can for example be carried out
by means of perspective volume rendering techniques.
The step of providing a dynamical display of the stored
two-dimensional images for simulating at least part of the
three-dimensional view for producing an inner view of
the one or more internal organs can be carried out on
the low-end computer using image based rendering tech-
niques. On the market suitable software is available per
se for displaying a sequence of images or a virtual envi-
ronment surrounding a viewpoint.
[0034] The resulting extended medical report is saved
in an appropriate format. The complete report can be
saved in a hypertext format, such as the widely known
html-format. The dynamical displays can be incorporated
in the report by formats suitable for sequences, such as
mpeg, avi, qtvr or by formats that allow viewing virtual
environments, such as vrml or qtvr. The extended report
is then transferred to the low-end computer for review.
The low-end computer needs to have a browser and a
plug-in suitable for handling the specific kind of format of
the extended medical report and accompanying dynam-
ical display of two-dimensional images. Various different
software applications are available on the market from
which a skilled person can choose.
[0035] The invention is of course not limited to the de-
scribed or shown embodiment, but generally extends to
any embodiment, which falls within the scope of the ap-
pended claims as seen in light of the foregoing descrip-
tion and drawings.

Claims

1. A method of producing a medical report based on a
volumetric scan of one or more internal organs of a
subject, said method comprising the steps of:

projecting a number of two-dimensional images
visible in different directions from a view point
of a three-dimensional view of the one or more
internal organs onto the corresponding sides of
an object wherein the view point is located within
the object ;
unfolding the object in two dimensions to obtain
a two-dimensional unfolded object image;
storing the two-dimensional unfolded object im-
age;
incorporating the stored two-dimensional un-
folded object image in the medical report; and
folding up the stored two-dimensional unfolded
object image to form a virtual environment based
on the stored two-dimensional unfolded object
image at one or more viewpoints in the three-
dimensional view.

2. Method according to claim 1, comprising:

incorporating a plurality of stored two-dimen-
sional unfolded object images in the medical re-
port; and
displaying the stored two-dimensional unfolded
object images dynamically.

3. Method according to claim 2, wherein the displaying
comprises displaying the stored two-dimensional un-
folded object images in a sequence.

4. Method according to claim 1 or 2, further comprising
the step of:

I. Allowing interactive inspection of the virtual
environment.

5. Method according to any preceding claim, wherein
the object is a cube.

6. Method according to claim 4 or 5, wherein the meth-
od further comprises the step of folding up the stored
two-dimensional unfolded object image, thus form-
ing the virtual environment.

7. Method according to any preceding claim, wherein
slips with additional image information are added to
the borders of a number of the sides of the object.

8. Method according to claim 7, wherein the slips com-
prise duplicate image information.

9. Method according to one or more of the preceding
claims, further comprising the steps of:

editing and/or analyzing a number of the images;
and
adding the edited images and/or the analysis to
the medical report.

10. System to carry out the method according to one or
more of the preceding claims.

11. System according to claim 10, comprising a data ac-
quisition device comprising means for recording the
volumetric scan, which data acquisition system is
connected to at least one high-end computer, which
high-end computer comprises means for producing
the medical report and is connected to at least one
low-end computer, which low-end computer com-
prises means for displaying the medical report.

12. Computer program to carry out the method accord-
ing one or more of claims 1 to 9.

Patentansprüche

1. Verfahren zum Erstellen eines medizinischen Be-
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richts basierend auf einem volumetrischen Scan von
einem oder mehreren inneren Organen eines Indi-
viduums, wobei das Verfahren die folgenden Schrit-
te umfasst:

Projizieren einer Anzahl von zweidimensionalen
Bildern, die in unterschiedlichen Richtungen von
einem Betrachtungspunkt einer dreidimensio-
nalen Ansicht des einen oder der mehreren in-
neren Organe auf die entsprechenden Seiten
eines Objekts sichtbar sind, wobei der Betrach-
tungspunkt innerhalb des Objekts angeordnet
ist;
Auffalten des Objekts in zwei Dimensionen, um
ein zweidimensionales aufgefaltetes Objektbild
zu erhalten;
Speichern des zweidimensionalen aufgefalte-
ten Objektbildes;
Integrieren des gespeicherten zweidimensiona-
len aufgefalteten Objektbildes in den medizini-
schen Bericht; und Zusammenfalten des ge-
speicherten zweidimensionalen aufgefalteten
Objektbildes zum Bilden einer virtuellen Umge-
bung basierend auf dem gespeicherten zweidi-
mensionalen aufgefalteten Objektbild an einem
oder mehreren Betrachtungspunkten in der drei-
dimensionalen Ansicht.

2. Verfahren nach Anspruch 1, umfassend:

Integrieren einer Vielzahl von gespeicherten
zweidimensionalen aufgefalteten Objektbildern
in den medizinischen Bericht; und
dynamisches Anzeigen der gespeicherten zwei-
dimensionalen aufgefalteten Objektbilder.

3. Verfahren nach Anspruch 2, wobei das Anzeigen
das Anzeigen der gespeicherten zweidimensionalen
aufgefalteten Objektbilder in einer Sequenz umfasst.

4. Verfahren nach Anspruch 1 oder 2, ferner umfas-
send den folgenden Schritt:

I. Ermöglichen einer interaktiven Prüfung der vir-
tuellen Umgebung.

5. Verfahren nach einem der vorstehenden Ansprüche,
wobei das Objekt ein Würfel ist.

6. Verfahren nach Anspruch 4 oder 5, wobei das Ver-
fahren ferner den Schritt des Zusammenfalten des
gespeicherten zweidimensionalen aufgefalteten
Objektbildes umfasst, wodurch die virtuelle Umge-
bung gebildet wird.

7. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei Anmerkungen mit zusätzlicher Bildinfor-
mation den Rändern einer Anzahl der Seiten des

Objekts hinzugefügt werden.

8. Verfahren nach Anspruch 7, wobei die Gleitbilder
doppelte Bildinformationen umfassen.

9. Verfahren nach einem oder mehreren der vorste-
henden Ansprüche, ferner umfassend die folgenden
Schritte:

Bearbeiten und/oder Analysieren einer Anzahl
von Bildern; und
Hinzufügen der bearbeiteten Bilder und/oder
der Analyse zum medizinischen Bericht.

10. System zum Ausführen des Verfahrens nach einem
der vorstehenden Ansprüche.

11. System nach Anspruch 10, umfassend eine Daten-
erfassungsvorrichtung, die Einrichtungen zum Auf-
zeichnen des volumetrischen Scans umfasst, wobei
das Datenerfassungssystem mit mindestens einem
High-End-Rechner verbunden ist, wobei der High-
End-Rechner Einrichtungen zum Erstellen des me-
dizinischen Berichts umfasst und mit mindestens ei-
nem Low-End-Rechner verbunden ist, wobei der
Low-End-Computer Einrichtungen zum Anzeigen
des medizinischen Berichts umfasst.

12. Computerprogramm zur Ausführung des Verfahrens
nach einem oder mehreren der Ansprüche 1 bis 9.

Revendications

1. Procédé de production d’un rapport médical basé
sur un scan volumétrique d’un ou plusieurs organes
internes d’un sujet, ledit procédé comprenant les éta-
pes consistant à :

projeter un certain nombre d’images en deux
dimensions visibles dans différentes directions
d’un point de vue d’une vue en trois dimensions
de l’un ou plusieurs organes internes sur les cô-
tés correspondants d’un objet, dans lequel le
point de vue est situé dans l’objet ;
déplier l’objet en deux dimensions pour obtenir
une image d’objet déplié en deux dimensions ;
stocker l’image d’objet déplié en deux dimen-
sions,
incorporer l’image d’objet déplié en deux dimen-
sions stockée dans le rapport médical ; et replier
l’image d’objet déplié en deux dimensions stoc-
kée pour former un environnement virtuel basé
sur l’image d’objet déplié en deux dimensions
selon un ou plusieurs points de vue dans la vue
en trois dimensions.

2. Procédé selon la revendication 1, comprenant :
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l’incorporation d’une pluralité d’images d’objet
déplié en deux dimensions stockées dans le rap-
port médical ; et
l’affichage des images d’objet déplié en deux
dimensions stockées de manière dynamique.

3. Procédé selon la revendication 2, dans lequel l’affi-
chage comprend l’affichage des images d’objet dé-
plié en deux dimensions dans une séquence.

4. Procédé selon la revendication 1 ou 2, comprenant
en outre l’étape consistant à :

I. permettre une inspection interactive de l’envi-
ronnement virtuel.

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’objet est un cube.

6. Procédé selon la revendication 4 ou 5, dans lequel
le procédé comprend en outre l’étape consistant à
replier l’image d’objet déplié en deux dimensions,
formant ainsi l’environnement virtuel.

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel des bulletins avec des in-
formations d’image supplémentaires sont ajoutés
aux bordures d’un certain nombre de côtés de l’objet.

8. Procédé selon la revendication 7, dans lequel les
bulletins comprennent des informations d’image
doubles.

9. Procédé selon une ou plusieurs des revendications
précédentes, comprenant en outre les étapes con-
sistant à :

éditer et/ou analyser un certain nombre
d’images ; et
ajouter les images éditées et/ou l’analyse au
rapport médical.

10. Système pour réaliser le procédé selon une ou plu-
sieurs des revendications précédentes.

11. Système selon la revendication 10, comprenant un
dispositif d’acquisition de données comprenant des
moyens pour enregistrer le scan volumétrique, ledit
système d’acquisition de données étant connecté à
au moins un ordinateur haut de gamme, ledit ordi-
nateur haut de gamme comprenant des moyens
pour produire le rapport médical et est connecté
audit au moins un ordinateur bas de gamme, ledit
ordinateur bas de gamme comprend des moyens
pour afficher le rapport médical.

12. Programme informatique pour réaliser le procédé
selon une ou plusieurs des revendications 1 à 9.
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