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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a computer-
implemented method for verifying relative positions of a
plurality of anatomical structures of interest of a patient,
a corresponding computer program, a non-transitory pro-
gram storage medium storing such a program and a com-
puter for executing the program, as well as a medical
system comprising an electronic data storage device and
the aforementioned computer.

TECHNICAL BACKGROUND

[0002] For medical procedures performed on a patient,
such as image guided surgery, radiotherapy or even im-
age based diagnostics it is desirable to know the spatial
position (including the spatial location and/or the spatial
orientation), and preferably even the size and the shape
of anatomical structures of interest of the patient’s body.
While some anatomical structures maintain their position
over time, some structures do not as they are subject to
the patient’s respiratory motion. The problem which aris-
es in this context is that some medical procedures are
planned on the basis of images that show certain ana-
tomical structures of interest, but which have been ac-
quired prior to the actual medical procedure. Thus, it has
to be ensured that the anatomical structures of interest
are arranged in the same manner for the medical proce-
dure, as they were when the planning image was ac-
quired.
[0003] Radiotherapy of breast cancer as a particular
example of such medical procedures starts in most cases
with a resection of the tumor, which is then followed by
the actual radiation therapy. Clinical studies have shown
that irradiating the tumor bed reduces the risk of recur-
rence dramatically.
[0004] As the heart, especially the RIVA (Ramus inter-
ventricularis anterior) is very sensitive to radiation, such
that unintended irradiation of the heart may yield in the
long term to heart diseases, special care has to be taken
to safe the heart from radiation. This problem particularly
arises for treatment of the left breast, as the distance
from the radiotherapy target to the heart is comparatively
short. Therefore, most procedures are planned and per-
formed in the state of a so-called "DIBH" (deep inspiration
breath-hold). With an increased inspiration the heart
moves away from the radiotherapy target in an inferior
and posterior direction, and therefore moves out of the
radiation beam’s path. The patient is coached to perform
a DIBH during a pre-therapy CT-scan, on which basis
the treatment plan is created. During the following treat-
ment, the patient is again coached to reproduce the DIBH
as close as possible to the one that was existent when
the CT-scan was made. In order to verify that the DIBH
is performed correctly during treatment, medical person-
nel manually checks the position of the anatomical struc-

tures of interest on X-ray-images or EPID-images that
are acquired during the treatment-DIBH.
[0005] US 2015/0302608 A1 and US 2013/0287167
A1 disclose methods according to the preamble of inde-
pendent claim 1, wherein a single image fusion transfor-
mation is performed between two corresponding images.
[0006] The present invention has the object of improv-
ing the verification of relative positions of anatomical
structures of interest, particularly for verifying that a deep
inspiration breath-hold procedure is correctly performed.
[0007] The present invention can be used for radio-
therapy procedures e.g. in connection with a system for
image-guided radiotherapy such as VERO® and Exac-
Trac®, both products of Brainlab AG.
[0008] Aspects of the present invention, examples and
exemplary steps and their embodiments are disclosed in
the following. Different exemplary features of the inven-
tion can be combined in accordance with the invention
wherever technically expedient and feasible.

EXEMPLARY SHORT DESCRIPTION OF THE INVEN-
TION

[0009] In the following, a short description of the spe-
cific features of the present invention is given which shall
not be understood to limit the invention only to the fea-
tures or a combination of the features described in this
section.
[0010] The present invention involves identifying sev-
eral anatomical structures of interest of a patient’s anat-
omy on images which have been acquired at different
points in time. For each anatomical structure a separate
image fusion transformation between these images is
performed. For at least one of the image fusion transfor-
mations it is then determined whether this transformation
is within a predetermined threshold, wherein for this de-
termination, at least one further image fusion transfor-
mation of another anatomical structure is taken into ac-
count.

GENERAL DESCRIPTION OF THE INVENTION

[0011] In this section, a description of the general fea-
tures of the present invention is given for example by
referring to possible embodiments of the invention.
[0012] In general, the invention reaches the aforemen-
tioned object by providing, in a first aspect, a computer-
implemented medical method for verifying a relative po-
sition of a plurality of anatomical structures of interest of
a patient
[0013] The method comprises executing, on at least
one processor of at least one computer (for example at
least one computer being part of the navigation system),
the following exemplary steps which are executed by the
at least one processor:

a) planning data is acquired (S11), describing at least
one planning-image showing the plurality of anatom-
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ical structures;
b) first identification data is determined (S12) based
on the planning data, describing a position of at least
two of the plurality of anatomical structures of interest
within the at least one planning-image;
c) verification data is acquired (S13) describing at
least one verification-image showing the least two
of the plurality of anatomical structures of interest at
a point in time later than the planning-image;
d) second identification data is determined (S14)
based on the verification data, particularly based on
the verification data and the first identification data,
describing a position of the at least two of the plurality
of the anatomical structures of interest within the at
least one verification-image; the method being char-
acterized by the following steps:
e) transformation data is determined (S15) based on
the first identification data and the second identifica-
tion data, describing, for each one of the at least two
anatomical structures, a distinct image fusion trans-
formation; and
f) evaluation data is determined (S16) based on the
transformation data, describing, for a first image fu-
sion transformation determined for a first anatomical
structure, whether a deviation of the position of the
first anatomical structure from its position shown in
the at least one planning-image is within a predeter-
mined threshold as compared with a deviation of the
position of a second anatomical structure from its
position shown in the at least one planning-image,
which is shown by a second image fusion transfor-
mation determined for the second anatomical struc-
ture.

[0014] The first step of acquiring planning data for ex-
ample involves an image acquisition procedure where
one or more planning-images of the patient’s anatomy
are made, which show the later anatomical structures of
interest. Based on this at least one planning-image the
later treatment is planned. For example, the at least one
planning-image may show parts of the patient’s rib cage
including the spine, the heart and at least one of the pa-
tient’s sternum and the anterior sections of the patient’s
ribs.
[0015] In the context of breast cancer radiotherapy, the
anterior parts of the ribs as well as the sternum indicate
the spatial position of the later treatment target, namely
the patient’s breast, as this is located outside the patient’s
chest on the anterior sections of the ribs. The patient’s
heart, on the other hand, represents a further anatomical
structure of interest as it has to be spared from radiation.
Thus, it is important that a treatment beam does not cross
the heart. A further anatomical structure of interest may
be the patient’s spine. This is because some patients
unintendedly "use the spine" to perform a deep inspira-
tion breath hold. As this movement, contrary to a correctly
performed deep inspiration breath hold, does not move
the heart out of the beam path, it has to be avoided during

treatment. Moreover, the relative position between the
spine and the sternum/the anterior sections of the ribs
gives an indication about the depth of the deep inspiration
breath hold and should of course be similar for all DIBHs
performed prior to and during treatment.
[0016] While the above described anatomical struc-
tures of interest are of particular interest when performing
a DIBH procedure, other anatomical structures may be
of interest for other procedures. Generally, the inventive
method may be performed to verify a correct posture
and/or positioning of the patient for any medical proce-
dure. The term "posture" is to be understood to have
impact on the relative position of the anatomical struc-
tures of interest, such as the respiration depth or DIBH-
performance of the patient. The term "positioning" de-
scribes the patient’s spatial position with respect to med-
ical equipment, for example with respect to an isocentre
of a radiation treatment apparatus. As a further specific
example, the inventive method is used to verify a correct
positioning of the patient (for example with respect to a
treatment apparatus) for prostate imaging or prostate
cancer radiotherapy. In this specific case one of, the an-
atomical structures of interest is of course the patient’s
prostate. The patient’s rectum is, just like the aforemen-
tioned heart, an anatomical structure which is sensitive
to radiation and which should therefore be kept out of the
path of a radiotherapy treatment beam. The same applies
to the patient’s spine which therefore may represent a
further anatomical structure.
[0017] Once the planning data has been acquired by
creating one or more planning images of the anatomical
structures of interest, the method comprises, as a second
step, that at least two anatomical structures of interest
are identified on the one or more planning images. For
example, a practitioner may manually mark the outline
of the anatomical structures on the at least one planning
image. On the other hand, a computer system having
access to an anatomical atlas may support or even fully
automatically perform such identification process.
[0018] After the anatomical structures of interest have
been identified on the pre-treatment images (which may
include the spatial location, the spatial orientation, the
shape and/or the size of the anatomical structures), on
which basis the oncoming medical procedure is planned,
it is of course desirable that during the following medical
procedure, the anatomical structures maintain their rel-
ative positions as shown on the planning image.
[0019] Therefore, verification data is acquired by cre-
ating at least one verification image of the anatomical
structures of interest during the medical procedure. For
breast cancer radiotherapy, the one or more verification
images are made during the DIBHs are performed.
Again, the anatomical structures of interest are then iden-
tified on the one or more verification images. This may
again be done manually by a practitioner with or without
support from the above computer system. Further, the
anatomical structures may also be identified on the ver-
ification images by taking into account the already per-
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formed identification on the planning images.
[0020] As soon as the anatomical structures of interest
have been identified on both, the planning images and
the verification images, an image fusion transformation
can be performed separately for each anatomical struc-
ture. The separately determined transformations for each
one of the structures then indicate how much the state
of each one of the anatomical structures has changed
between the planning images and the verification imag-
es. Ideally, the state of each one of the anatomical struc-
tures has not changed at all, which means that, while the
medical procedure is performed, the anatomical struc-
tures are arranged in the same manner as they were
when the planning image was made. In turn, this verifies
that the medical procedure is performed according to
plan.
[0021] However, it is likely that the image fusion trans-
formation shows that the state of a particular anatomical
structure has changed and therefore deviated from it’s
original state that is shown on the planning image. While
this may be acceptable within a predetermined threshold
for such deviations, a larger deviation beyond the prede-
termined threshold could indicate that the patient’s posi-
tion, for example the patient’s DIBH is not performed cor-
rectly and is therefore unacceptable for starting or con-
tinuing the medical procedure.
[0022] With the present invention however, it is possi-
ble to distinguish between an unallowable posture of the
patient on the one hand, which may be for example an
incorrectly performed DIBH as compared to the treatment
plan, and on the other hand an incorrect overall place-
ment of the patient with respect to the medical equipment
including the image device for acquiring the verification
images.
[0023] This is done by taking into account an image
fusion transformation for another anatomical structure of
interest when evaluating acceptability of the image fusion
transformation in question. If, for example, the more than
one image fusion transformation indicates the same or
a similar deviation for more than one anatomical structure
of interest, or even all anatomical structures of interest,
a strong indication is on hand that the entire patient is
incorrectly positioned with respect to the medical appa-
ratus, while the posture of the patient itself may be cor-
rect.
[0024] An incorrect overall position of the patient can
be easily corrected for. On the basis of one of the ana-
tomical structures of interest which is defined as a main
anatomical structure, the patient is positioned with re-
spect to the medical equipment including the imaging
device for acquiring the verification images. Preferably,
it is the image fusion transformation of this structure (de-
noted as "main anatomical structure"), which is taken into
account when evaluating the one or more image fusion
transformations for the remaining anatomical structures
of interest.
[0025] In the context of breast cancer radiotherapy, it
is the sternum and/or the anterior section of at least one

rib of the patient which is defined as this main anatomical
structure.
[0026] In an example of the method according to the
first aspect, at least one second image fusion transfor-
mation is taken into account for evaluating at least one
first image fusion transformation. More specifically, at
least one second image fusion transformation is applied
to at least one first image fusion transformation. In other
words, the image fusion transformation for any anatom-
ical structure of interest may be used for determining
whether the image transformation of any other anatom-
ical structure of interest is acceptable, i.e. is within a pre-
determined threshold. In a particular example of the in-
vention, a transformation matrix of at least one fist image
fusion transformation is multiplied with the inverse trans-
formation matrix of at least one second image fusion
transformation.
[0027] Further, as already indicated further above, any
anatomical structure of interest including the main ana-
tomical structure of interest may be used to position the
patient with respect to the medical equipment. In this re-
spect, position data is determined based on the second
identification data, describing for at least one of the an-
atomical structures of interest, particularly the main an-
atomical structure of interest, whether it is positioned at
a predefined desired position with respect to a radiation
treatment apparatus, particularly with respect to one or
more treatment beams. In case this constraint is not met,
a signal may be issued which is designated to warn per-
sonal and/or shut off a radiation treatment apparatus gen-
erating one or more treatment beams in case at least one
of the anatomical structures of interest is not positioned
at the predefined desired position. Moreover, reposition
data may be determined based on the second identifica-
tion data, describing for at least one of the anatomical
structures of interest, particularly the main anatomical
structure of interest, the positional deviation from a pre-
defined desired position with respect to a radiation treat-
ment apparatus, particularly with respect to one or more
treatment beams. Again, a signal may be issued which
is designated to reposition the patient with respect to the
radiation treatment apparatus for positioning the at least
one of the anatomical structures of interest at a prede-
fined desired position.
[0028] In any case, a signal may be issued which is
designated to warn personal and/or shut off a radiation
treatment apparatus generating one or more treatment
beams in case the predetermined threshold for at least
one of the image fusion transformations is exceeded, par-
ticularly for the time period the predetermined threshold
is exceeded.
[0029] Further, the planning images may include at
least one CT-image of the patient, wherein the verifica-
tion images may include at least one monoscopic X-ray-
image and/or at least one stereoscopic X-ray-image-pair.
[0030] For example, the method as described herein
is performed to verify a correct positioning of the patient
for prostate imaging or prostate cancer radiotherapy, par-
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ticularly wherein the at least two anatomical structures
of interest are selected from the group comprising:

- the prostate of the patient;
- the spine of the patient;
- the rectum of the patient as a sensitive structure ra-

diation should not be applied to.

[0031] In the method according to the aforementioned
example one of the anatomical structures of interest can
be defined as a main anatomical structure of interest,
and wherein the image fusion transformation for the main
anatomical structure of interest represents the second
image fusion transformation.
[0032] In the method according to one of the aforemen-
tioned examples the sternum and/or the anterior section
of the at least one of the ribs can be defined as the main
anatomical structure.
[0033] In the method according to any one of the afore-
mentioned examples, acquiring planning data may in-
volve acquiring one or more CT-images of the patient.
[0034] In a second aspect, the invention is directed to
a computer program which, when running on at least one
processor (for example, a processor) of at least one com-
puter (for example, a computer) or when loaded into at
least one memory (for example, a memory) of at least
one computer (for example, a computer), causes the at
least one computer to perform the above-described
method according to the first aspect. The invention may
alternatively or additionally relate to a (physical, for ex-
ample electrical, for example technically generated) sig-
nal wave, for example a digital signal wave, carrying in-
formation which represents the program, for example the
aforementioned program, which for example comprises
code means which are adapted to perform any or all of
the steps of the method according to the first aspect. A
computer program stored on a disc is a data file, and
when the file is read out and transmitted it becomes a
data stream for example in the form of a (physical, for
example electrical, for example technically generated)
signal. The signal can be implemented as the signal wave
which is described herein. For example, the signal, for
example the signal wave is constituted to be transmitted
via a computer network, for example LAN, WLAN, WAN,
mobile network, for example the internet. For example,
the signal, for example the signal wave, is constituted to
be transmitted by optic or acoustic data transmission.
Further disclosed is a data stream representative of the
aforementioned program.
[0035] In a third aspect, the invention is directed to a
non-transitory computer-readable program storage me-
dium on which the program according to the fourth aspect
is stored.
[0036] In a fourth aspect, the invention is directed to
at least one computer (for example, a computer), com-
prising at least one processor (for example, a processor)
and at least one memory (for example, a memory),
wherein the program according to the second aspect is

running on the processor or is loaded into the memory,
or wherein the at least one computer comprises the com-
puter-readable program storage medium according to
the third aspect.
[0037] In a fifth aspect, the invention is directed to a
medical system, comprising:

a) the at least one computer according to the fourth
aspect;
b) at least one electronic data storage device storing
at least the planning data and the verification data;
and
c) a medical device for carrying out a medical pro-
cedure on the patient,
wherein the at least one computer is operably cou-
pled to

- the at least one electronic data storage device
for acquiring, from the at least one data storage
device, at least the planning data and the veri-
fication data, and

- the medical device for issuing a control signal
to the medical device for controlling the opera-
tion of the medical device on the basis of at least
the evaluation data.

[0038] In an example of the system according to the
fifth aspect, the medical device comprises a radiation
treatment apparatus comprising a treatment beam
source and a patient support unit (such as at least one
of a patient bed or a headrest). The at least one computer
is then operably coupled to the radiation treatment ap-
paratus for issuing a control signal to the radiation treat-
ment apparatus for controlling, on the basis of at least
the evaluation data, at least one of

- the operation of the treatment beam source or
- the position of the patient support unit.

[0039] The invention does not involve or in particular
comprise or encompass any surgical or therapeutic ac-
tivity. The invention is instead directed as applicable to
verify a relative position of anatomical structures on the
basis of images of the patient’s anatomy. For this reason
alone, no surgical or therapeutic activity and in particular
no surgical or therapeutic step is necessitated or implied
by carrying out the invention.

DEFINITIONS

[0040] In this section, definitions for specific terminol-
ogy used in this disclosure are offered which also form
part of the present disclosure.
[0041] The method in accordance with the invention is
for example a computer implemented method. For ex-
ample, all the steps or merely some of the steps (i.e. less
than the total number of steps) of the method in accord-
ance with the invention can be executed by a computer
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(for example, at least one computer). An embodiment of
the computer implemented method is a use of the com-
puter for performing a data processing method. An em-
bodiment of the computer implemented method is a
method concerning the operation of the computer such
that the computer is operated to perform one, more or all
steps of the method.
[0042] The computer for example comprises at least
one processor and for example at least one memory in
order to (technically) process the data, for example elec-
tronically and/or optically. The processor being for exam-
ple made of a substance or composition which is a sem-
iconductor, for example at least partly n- and/or p-doped
semiconductor, for example at least one of II-, III-, IV-,
V-, VI-semiconductor material, for example (doped) sili-
con and/or gallium arsenide. The calculating or determin-
ing steps described are for example performed by a com-
puter. Determining steps or calculating steps are for ex-
ample steps of determining data within the framework of
the technical method, for example within the framework
of a program. A computer is for example any kind of data
processing device, for example electronic data process-
ing device. A computer can be a device which is generally
thought of as such, for example desktop PCs, notebooks,
netbooks, etc., but can also be any programmable ap-
paratus, such as for example a mobile phone or an em-
bedded processor. A computer can for example comprise
a system (network) of "sub-computers", wherein each
sub-computer represents a computer in its own right. The
term "computer" includes a cloud computer, for example
a cloud server. The term "cloud computer" includes a
cloud computer system which for example comprises a
system of at least one cloud computer and for example
a plurality of operatively interconnected cloud computers
such as a server farm. Such a cloud computer is prefer-
ably connected to a wide area network such as the world
wide web (WWW) and located in a so-called cloud of
computers which are all connected to the world wide web.
Such an infrastructure is used for "cloud computing",
which describes computation, software, data access and
storage services which do not require the end user to
know the physical location and/or configuration of the
computer delivering a specific service. For example, the
term "cloud" is used in this respect as a metaphor for the
Internet (world wide web). For example, the cloud pro-
vides computing infrastructure as a service (laaS). The
cloud computer can function as a virtual host for an op-
erating system and/or data processing application which
is used to execute the method of the invention. The cloud
computer is for example an elastic compute cloud (EC2)
as provided by Amazon Web Services™. A computer for
example comprises interfaces in order to receive or out-
put data and/or perform an analogue-to-digital conver-
sion. The data are for example data which represent
physical properties and/or which are generated from
technical signals. The technical signals are for example
generated by means of (technical) detection devices
(such as for example devices for detecting marker de-

vices) and/or (technical) analytical devices (such as for
example devices for performing (medical) imaging meth-
ods), wherein the technical signals are for example elec-
trical or optical signals. The technical signals for example
represent the data received or outputted by the computer.
The computer is preferably operatively coupled to a dis-
play device which allows information outputted by the
computer to be displayed, for example to a user. One
example of a display device is a virtual reality device or
an augmented reality device (also referred to as virtual
reality glasses or augmented reality glasses) which can
be used as "goggles" for navigating. A specific example
of such augmented reality glasses is Google Glass (a
trademark of Google, Inc.). An augmented reality device
or a virtual reality device can be used both to input infor-
mation into the computer by user interaction and to dis-
play information outputted by the computer. Another ex-
ample of a display device would be a standard computer
monitor comprising for example a liquid crystal display
operatively coupled to the computer for receiving display
control data from the computer for generating signals
used to display image information content on the display
device. A specific embodiment of such a computer mon-
itor is a digital lightbox. An example of such a digital light-
box is Buzz®, a product of Brainlab AG. The monitor may
also be the monitor of a portable, for example handheld,
device such as a smart phone or personal digital assistant
or digital media player.
[0043] The invention also relates to a program which,
when running on a computer, causes the computer to
perform one or more or all of the method steps described
herein and/or to a program storage medium on which the
program is stored (in particular in a non-transitory form)
and/or to a computer comprising said program storage
medium and/or to a (physical, for example electrical, for
example technically generated) signal wave, for example
a digital signal wave, carrying information which repre-
sents the program, for example the aforementioned pro-
gram, which for example comprises code means which
are adapted to perform any or all of the method steps
described herein.
[0044] Within the framework of the invention, computer
program elements can be embodied by hardware and/or
software (this includes firmware, resident software, mi-
cro-code, etc.). Within the framework of the invention,
computer program elements can take the form of a com-
puter program product which can be embodied by a com-
puter-usable, for example computer-readable data stor-
age medium comprising computer-usable, for example
computer-readable program instructions, "code" or a
"computer program" embodied in said data storage me-
dium for use on or in connection with the instruction-ex-
ecuting system. Such a system can be a computer; a
computer can be a data processing device comprising
means for executing the computer program elements
and/or the program in accordance with the invention, for
example a data processing device comprising a digital
processor (central processing unit or CPU) which exe-
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cutes the computer program elements, and optionally a
volatile memory (for example a random access memory
or RAM) for storing data used for and/or produced by
executing the computer program elements. Within the
framework of the present invention, a computer-usable,
for example computer-readable data storage medium
can be any data storage medium which can include,
store, communicate, propagate or transport the program
for use on or in connection with the instruction-executing
system, apparatus or device. The computer-usable, for
example computer-readable data storage medium can
for example be, but is not limited to, an electronic, mag-
netic, optical, electromagnetic, infrared or semiconductor
system, apparatus or device or a medium of propagation
such as for example the Internet. The computer-usable
or computer-readable data storage medium could even
for example be paper or another suitable medium onto
which the program is printed, since the program could
be electronically captured, for example by optically scan-
ning the paper or other suitable medium, and then com-
piled, interpreted or otherwise processed in a suitable
manner. The data storage medium is preferably a non-
volatile data storage medium. The computer program
product and any software and/or hardware described
here form the various means for performing the functions
of the invention in the example embodiments. The com-
puter and/or data processing device can for example in-
clude a guidance information device which includes
means for outputting guidance information. The guid-
ance information can be outputted, for example to a user,
visually by a visual indicating means (for example, a mon-
itor and/or a lamp) and/or acoustically by an acoustic
indicating means (for example, a loudspeaker and/or a
digital speech output device) and/or tactilely by a tactile
indicating means (for example, a vibrating element or a
vibration element incorporated into an instrument). For
the purpose of this document, a computer is a technical
computer which for example comprises technical, for ex-
ample tangible components, for example mechanical
and/or electronic components. Any device mentioned as
such in this document is a technical and for example tan-
gible device.
[0045] The expression "acquiring data" for example
encompasses (within the framework of a computer im-
plemented method) the scenario in which the data are
determined by the computer implemented method or pro-
gram. Determining data for example encompasses
measuring physical quantities and transforming the
measured values into data, for example digital data,
and/or computing (and e.g. outputting) the data by means
of a computer and for example within the framework of
the method in accordance with the invention. The mean-
ing of "acquiring data" also for example encompasses
the scenario in which the data are received or retrieved
by (e.g. input to) the computer implemented method or
program, for example from another program, a previous
method step or a data storage medium, for example for
further processing by the computer implemented method

or program. Generation of the data to be acquired may
but need not be part of the method in accordance with
the invention. The expression "acquiring data" can there-
fore also for example mean waiting to receive data and/or
receiving the data. The received data can for example
be inputted via an interface. The expression "acquiring
data" can also mean that the computer implemented
method or program performs steps in order to (actively)
receive or retrieve the data from a data source, for in-
stance a data storage medium (such as for example a
ROM, RAM, database, hard drive, etc.), or via the inter-
face (for instance, from another computer or a network).
The data acquired by the disclosed method or device,
respectively, may be acquired from a database located
in a data storage device which is operably to a computer
for data transfer between the database and the computer,
for example from the database to the computer. The com-
puter acquires the data for use as an input for steps of
determining data. The determined data can be output
again to the same or another database to be stored for
later use. The database or database used for implement-
ing the disclosed method can be located on network data
storage device or a network server (for example, a cloud
data storage device or a cloud server) or a local data
storage device (such as a mass storage device operably
connected to at least one computer executing the dis-
closed method). The data can be made "ready for use"
by performing an additional step before the acquiring
step. In accordance with this additional step, the data are
generated in order to be acquired. The data are for ex-
ample detected or captured (for example by an analytical
device). Alternatively or additionally, the data are inputted
in accordance with the additional step, for instance via
interfaces. The data generated can for example be in-
putted (for instance into the computer). In accordance
with the additional step (which precedes the acquiring
step), the data can also be provided by performing the
additional step of storing the data in a data storage me-
dium (such as for example a ROM, RAM, CD and/or hard
drive), such that they are ready for use within the frame-
work of the method or program in accordance with the
invention. The step of "acquiring data" can therefore also
involve commanding a device to obtain and/or provide
the data to be acquired. In particular, the acquiring step
does not involve an invasive step which would represent
a substantial physical interference with the body, requir-
ing professional medical expertise to be carried out and
entailing a substantial health risk even when carried out
with the required professional care and expertise. In par-
ticular, the step of acquiring data, for example determin-
ing data, does not involve a surgical step and in particular
does not involve a step of treating a human or animal
body using surgery or therapy. In order to distinguish the
different data used by the present method, the data are
denoted (i.e. referred to) as "XY data" and the like and
are defined in terms of the information which they de-
scribe, which is then preferably referred to as "XY infor-
mation" and the like.
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[0046] The information on the imaging geometry pref-
erably comprises information which allows the analysis
image (x-ray image) to be calculated, given a known rel-
ative position between the imaging geometry analysis
apparatus and the analysis object (anatomical body part)
to be analysed by x-ray radiation, if the analysis object
which is to be analysed is known, wherein "known"
means that the spatial geometry (size and shape) of the
analysis object is known. This means for example that
three-dimensional, "spatially resolved" information con-
cerning the interaction between the analysis object (an-
atomical body part) and the analysis radiation (x-ray ra-
diation) is known, wherein "interaction" means for exam-
ple that the analysis radiation is blocked or partially or
completely allowed to pass by the analysis object. The
location and in particular orientation of the imaging ge-
ometry is for example defined by the position of the x-ray
device, for example by the position of the x-ray source
and the x-ray detector and/or for example by the position
of the multiplicity (manifold) of x-ray beams which pass
through the analysis object and are detected by the x-
ray detector. The imaging geometry for example de-
scribes the position (i.e. the location and in particular the
orientation) and the shape (for example, a conical shape
exhibiting a specific angle of inclination) of said multiplic-
ity (manifold). The position can for example be represent-
ed by the position of an x-ray beam which passes through
the centre of said multiplicity or by the position of a geo-
metric object (such as a truncated cone) which repre-
sents the multiplicity (manifold) of x-ray beams. Informa-
tion concerning the above-mentioned interaction is pref-
erably known in three dimensions, for example from a
three-dimensional CT, and describes the interaction in a
spatially resolved way for points and/or regions of the
analysis object, for example for all of the points and/or
regions of the analysis object. Knowledge of the imaging
geometry for example allows the location of a source of
the radiation (for example, an x-ray source) to be calcu-
lated relative to an image plane (for example, the plane
of an x-ray detector). With respect to the connection be-
tween three-dimensional analysis objects and two-di-
mensional analysis images as defined by the imaging
geometry, reference is made for example to the following
publications:

1. "An Efficient and Accurate Camera Calibration
Technique for 3D Machine Vision", Roger Y. Tsai,
Proceedings of the IEEE Conference on Computer
Vision and Pattern Recognition. Miami Beach, Flor-
ida, 1986, pages 364-374

2. "A Versatile Camera Calibration Technique for
High-Accuracy 3D Machine Vision Metrology Using
Off-the-Shelf TV Cameras and Lenses", Roger Y.
Tsai, IEEE Journal of Robotics and Automation, Vol-
ume RA-3, No. 4, August 1987, pages 323-344.

3. "Fluoroscopic X-ray Image Processing and Reg-

istration for Computer-Aided Orthopedic Surgery",
Ziv Yaniv

4. EP 08 156 293.6

5. US 61/054,187

[0047] Preferably, atlas data is acquired which de-
scribes (for example defines, more particularly repre-
sents and/or is) a general three-dimensional shape of
the anatomical body part. The atlas data therefore rep-
resents an atlas of the anatomical body part. An atlas
typically consists of a plurality of generic models of ob-
jects, wherein the generic models of the objects together
form a complex structure. For example, the atlas consti-
tutes a statistical model of a patient’s body (for example,
a part of the body) which has been generated from ana-
tomic information gathered from a plurality of human bod-
ies, for example from medical image data containing im-
ages of such human bodies. In principle, the atlas data
therefore represents the result of a statistical analysis of
such medical image data for a plurality of human bodies.
This result can be output as an image - the atlas data
therefore contains or is comparable to medical image
data. Such a comparison can be carried out for example
by applying an image fusion algorithm which conducts
an image fusion between the atlas data and the medical
image data. The result of the comparison can be a meas-
ure of similarity between the atlas data and the medical
image data. The atlas data comprises image information
(for example, positional image information) which can be
matched (for example by applying an elastic or rigid im-
age fusion algorithm) for example to image information
(for example, positional image information) contained in
medical image data so as to for example compare the
atlas data to the medical image data in order to determine
the position of anatomical structures in the medical image
data which correspond to anatomical structures defined
by the atlas data.
[0048] The human bodies, the anatomy of which
serves as an input for generating the atlas data, advan-
tageously share a common feature such as at least one
of gender, age, ethnicity, body measurements (e.g. size
and/or mass) and pathologic state. The anatomic infor-
mation describes for example the anatomy of the human
bodies and is extracted for example from medical image
information about the human bodies. The atlas of a femur,
for example, can comprise the head, the neck, the body,
the greater trochanter, the lesser trochanter and the low-
er extremity as objects which together make up the com-
plete structure. The atlas of a brain, for example, can
comprise the telencephalon, the cerebellum, the dien-
cephalon, the pons, the mesencephalon and the medulla
as the objects which together make up the complex struc-
ture. One application of such an atlas is in the segmen-
tation of medical images, in which the atlas is matched
to medical image data, and the image data are compared
with the matched atlas in order to assign a point (a pixel
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or voxel) of the image data to an object of the matched
atlas, thereby segmenting the image data into objects.
[0049] For example, the atlas data includes informa-
tion of the anatomical body part. This information is for
example at least one of patient-specific, non-patient-spe-
cific, indication-specific or non-indication-specific. The
atlas data therefore describes for example at least one
of a patient-specific, non-patient-specific, indication-spe-
cific or non-indication-specific atlas. For example, the at-
las data includes movement information indicating a de-
gree of freedom of movement of the anatomical body
part with respect to a given reference (e.g. another ana-
tomical body part). For example, the atlas is a multimodal
atlas which defines atlas information for a plurality of (i.e.
at least two) imaging modalities and contains a mapping
between the atlas information in different imaging mo-
dalities (for example, a mapping between all of the mo-
dalities) so that the atlas can be used for transforming
medical image information from its image depiction in a
first imaging modality into its image depiction in a second
imaging modality which is different from the first imaging
modality or to compare (for example, match or register)
images of different imaging modality with one another.
[0050] The movements of the treatment body parts are
for example due to movements which are referred to in
the following as "vital movements". Reference is also
made in this respect to EP 2 189 943 A1 and EP 2 189
940 A1, also published as US 2010/0125195 A1 and US
2010/0160836 A1, respectively, which discuss these vital
movements in detail. In order to determine the position
of the treatment body parts, analytical devices such as
x-ray devices, CT devices or MRT devices are used to
generate analytical images (such as x-ray images or
MRT images) of the body. For example, analytical devic-
es are constituted to perform medical imaging methods.
Analytical devices for example use medical imaging
methods and are for example devices for analysing a
patient’s body, for instance by using waves and/or radi-
ation and/or energy beams, for example electromagnetic
waves and/or radiation, ultrasound waves and/or parti-
cles beams. Analytical devices are for example devices
which generate images (for example, two-dimensional
or three-dimensional images) of the patient’s body (and
for example of internal structures and/or anatomical parts
of the patient’s body) by analysing the body. Analytical
devices are for example used in medical diagnosis, for
example in radiology. However, it can be difficult to iden-
tify the treatment body part within the analytical image.
It can for example be easier to identify an indicator body
part which correlates with changes in the position of the
treatment body part and for example the movement of
the treatment body part. Tracking an indicator body part
thus allows a movement of the treatment body part to be
tracked on the basis of a known correlation between the
changes in the position (for example the movements) of
the indicator body part and the changes in the position
(for example the movements) of the treatment body part.
As an alternative to or in addition to tracking indicator

body parts, marker devices (which can be used as an
indicator and thus referred to as "marker indicators") can
be tracked using marker detection devices. The position
of the marker indicators has a known (predetermined)
correlation with (for example, a fixed relative position rel-
ative to) the position of indicator structures (such as the
thoracic wall, for example true ribs or false ribs, or the
diaphragm or intestinal walls, etc.) which for example
change their position due to vital movements.
[0051] The present invention relates to the field of con-
trolling a treatment beam. The treatment beam treats
body parts which are to be treated and which are referred
to in the following as "treatment body parts". These body
parts are for example parts of a patient’s body, i.e. ana-
tomical body parts.
[0052] The present invention relates to the field of med-
icine and for example to the use of beams, such as ra-
diation beams, to treat parts of a patient’s body, which
are therefore also referred to as treatment beams. A treat-
ment beam treats body parts which are to be treated and
which are referred to in the following as "treatment body
parts". These body parts are for example parts of a pa-
tient’s body, i.e. anatomical body parts. lonising radiation
is for example used for the purpose of treatment. For
example, the treatment beam comprises or consists of
ionising radiation. The ionising radiation comprises or
consists of particles (for example, sub-atomic particles
or ions) or electromagnetic waves which are energetic
enough to detach electrons from atoms or molecules and
so ionise them. Examples of such ionising radiation in-
clude x-rays, high-energy particles (high-energy particle
beams) and/or ionising radiation emitted from a radioac-
tive element. The treatment radiation, for example the
treatment beam, is for example used in radiation therapy
or radiotherapy, such as in the field of oncology. For treat-
ing cancer in particular, parts of the body comprising a
pathological structure or tissue such as a tumour are
treated using ionising radiation. The tumour is then an
example of a treatment body part.
[0053] The treatment beam is preferably controlled
such that it passes through the treatment body part. How-
ever, the treatment beam can have a negative effect on
body parts outside the treatment body part. These body
parts are referred to here as "outside body parts". Gen-
erally, a treatment beam has to pass through outside
body parts in order to reach and so pass through the
treatment body part.
[0054] Reference is also made in this respect to the
following web pages: http://www.ele-
kta.com/healthcare_us_elekta_vmat.php and ht-
tp://www.varian.com/us/oncology/treat-
ments/treatment_techniques/rapidarc.
[0055] A treatment body part can be treated by one or
more treatment beams issued from one or more direc-
tions at one or more times. The treatment by means of
the at least one treatment beam thus follows a particular
spatial and temporal pattern. The term "beam arrange-
ment" is then used to cover the spatial and temporal fea-
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tures of the treatment by means of the at least one treat-
ment beam. The beam arrangement is an arrangement
of at least one treatment beam.
[0056] The "beam positions" describe the positions of
the treatment beams of the beam arrangement. The ar-
rangement of beam positions is referred to as the posi-
tional arrangement. A beam position is preferably defined
by the beam direction and additional information which
allows a specific location, for example in three-dimen-
sional space, to be assigned to the treatment beam, for
example information about its co-ordinates in a defined
co-ordinate system. The specific location is a point, pref-
erably a point on a straight line. This line is then referred
to as a "beam line" and extends in the beam direction,
for example along the central axis of the treatment beam.
The defined co-ordinate system is preferably defined rel-
ative to the treatment device or relative to at least a part
of the patient’s body. The positional arrangement com-
prises and for example consists of at least one beam
position, for example a discrete set of beam positions
(for example, two or more different beam positions), or
a continuous multiplicity (manifold) of beam positions.
[0057] For example, one or more treatment beams
adopt(s) the treatment beam position(s) defined by the
positional arrangement simultaneously or sequentially
during treatment (for example sequentially if there is only
one beam source to emit a treatment beam). If there are
several beam sources, it is also possible for at least a
subset of the beam positions to be adopted simultane-
ously by treatment beams during the treatment. For ex-
ample, one or more subsets of the treatment beams can
adopt the beam positions of the positional arrangement
in accordance with a predefined sequence. A subset of
treatment beams comprises one or more treatment
beams. The complete set of treatment beams which com-
prises one or more treatment beams which adopt(s) all
the beam positions defined by the positional arrangement
is then the beam arrangement.
[0058] In the field of medicine, imaging methods (also
called imaging modalities and/or medical imaging mo-
dalities) are used to generate image data (for example,
two-dimensional or three-dimensional image data) of an-
atomical structures (such as soft tissues, bones, organs,
etc.) of the human body. The term "medical imaging
methods" is understood to mean (advantageously appa-
ratus-based) imaging methods (for example so-called
medical imaging modalities and/or radiological imaging
methods) such as for instance computed tomography
(CT) and cone beam computed tomography (CBCT, such
as volumetric CBCT), x-ray tomography, magnetic res-
onance tomography (MRT or MRI), conventional x-ray,
sonography and/or ultrasound examinations, and posi-
tron emission tomography. For example, the medical im-
aging methods are performed by the analytical devices.
Examples for medical imaging modalities applied by
medical imaging methods are: X-ray radiography, mag-
netic resonance imaging, medical ultrasonography or ul-
trasound, endoscopy,elastography, tactile imaging, ther-

mography, medical photography and nuclear medicine
functional imaging techniques as positron emission tom-
ography (PET) and Single-photon emission computed
tomography (SPECT), as mentioned by Wikipedia.
[0059] The image data thus generated is also termed
"medical imaging data". Analytical devices for example
are used to generate the image data in apparatus-based
imaging methods. The imaging methods are for example
used for medical diagnostics, to analyse the anatomical
body in order to generate images which are described
by the image data. The imaging methods are also for
example used to detect pathological changes in the hu-
man body. However, some of the changes in the ana-
tomical structure, such as the pathological changes in
the structures (tissue), may not be detectable and for
example may not be visible in the images generated by
the imaging methods. A tumour represents an example
of a change in an anatomical structure. If the tumour
grows, it may then be said to represent an expanded
anatomical structure. This expanded anatomical struc-
ture may not be detectable; for example, only a part of
the expanded anatomical structure may be detectable.
Primary/high-grade brain tumours are for example usu-
ally visible on MRI scans when contrast agents are used
to infiltrate the tumour. MRI scans represent an example
of an imaging method. In the case of MRI scans of such
brain tumours, the signal enhancement in the MRI imag-
es (due to the contrast agents infiltrating the tumour) is
considered to represent the solid tumour mass. Thus,
the tumour is detectable and for example discernible in
the image generated by the imaging method. In addition
to these tumours, referred to as "enhancing" tumours, it
is thought that approximately 10% of brain tumours are
not discernible on a scan and are for example not visible
to a user looking at the images generated by the imaging
method.
[0060] Image fusion can be elastic image fusion or rigid
image fusion. In the case of rigid image fusion, the relative
position between the pixels of a 2D image and/or voxels
of a 3D image is fixed, while in the case of elastic image
fusion, the relative positions are allowed to change.
[0061] In this application, the term "image morphing"
is also used as an alternative to the term "elastic image
fusion", but with the same meaning.
[0062] Elastic fusion transformations (for example,
elastic image fusion transformations) are for example de-
signed to enable a seamless transition from one dataset
(for example a first dataset such as for example a first
image) to another dataset (for example a second dataset
such as for example a second image). The transforma-
tion is for example designed such that one of the first and
second datasets (images) is deformed, for example in
such a way that corresponding structures (for example,
corresponding image elements) are arranged at the
same position as in the other of the first and second im-
ages. The deformed (transformed) image which is trans-
formed from one of the first and second images is for
example as similar as possible to the other of the first
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and second images. Preferably, (numerical) optimisation
algorithms are applied in order to find the transformation
which results in an optimum degree of similarity. The de-
gree of similarity is preferably measured by way of a
measure of similarity (also referred to in the following as
a "similarity measure"). The parameters of the optimisa-
tion algorithm are for example vectors of a deformation
field. These vectors are determined by the optimisation
algorithm in such a way as to result in an optimum degree
of similarity. Thus, the optimum degree of similarity rep-
resents a condition, for example a constraint, for the op-
timisation algorithm. The bases of the vectors lie for ex-
ample at voxel positions of one of the first and second
images which is to be transformed, and the tips of the
vectors lie at the corresponding voxel positions in the
transformed image. A plurality of these vectors is prefer-
ably provided, for instance more than twenty or a hundred
or a thousand or ten thousand, etc. Preferably, there are
(other) constraints on the transformation (deformation),
for example in order to avoid pathological deformations
(for instance, all the voxels being shifted to the same
position by the transformation). These constraints in-
clude for example the constraint that the transformation
is regular, which for example means that a Jacobian de-
terminant calculated from a matrix of the deformation field
(for example, the vector field) is larger than zero, and
also the constraint that the transformed (deformed) im-
age is not self-intersecting and for example that the trans-
formed (deformed) image does not comprise faults
and/or ruptures. The constraints include for example the
constraint that if a regular grid is transformed simultane-
ously with the image and in a corresponding manner, the
grid is not allowed to interfold at any of its locations. The
optimising problem is for example solved iteratively, for
example by means of an optimisation algorithm which is
for example a first-order optimisation algorithm, such as
a gradient descent algorithm. Other examples of optimi-
sation algorithms include optimisation algorithms which
do not use derivations, such as the downhill simplex al-
gorithm, or algorithms which use higher-order derivatives
such as Newton-like algorithms. The optimisation algo-
rithm preferably performs a local optimisation. If there is
a plurality of local optima, global algorithms such as sim-
ulated annealing or generic algorithms can be used. In
the case of linear optimisation problems, the simplex
method can for instance be used.
[0063] In the steps of the optimisation algorithms, the
voxels are for example shifted by a magnitude in a direc-
tion such that the degree of similarity is increased. This
magnitude is preferably less than a predefined limit, for
instance less than one tenth or one hundredth or one
thousandth of the diameter of the image, and for example
about equal to or less than the distance between neigh-
bouring voxels. Large deformations can be implemented,
for example due to a high number of (iteration) steps.
[0064] The determined elastic fusion transformation
can for example be used to determine a degree of simi-
larity (or similarity measure, see above) between the first

and second datasets (first and second images). To this
end, the deviation between the elastic fusion transforma-
tion and an identity transformation is determined. The
degree of deviation can for instance be calculated by
determining the difference between the determinant of
the elastic fusion transformation and the identity trans-
formation. The higher the deviation, the lower the simi-
larity, hence the degree of deviation can be used to de-
termine a measure of similarity.
[0065] A measure of similarity can for example be de-
termined on the basis of a determined correlation be-
tween the first and second datasets.

BRIEF DESCRIPTION OF THE DRAWINGS

[0066] In the following, the invention is described with
reference to the appended figures which give back-
ground explanations and represent specific embodi-
ments of the invention. The scope of the invention is how-
ever not limited to the specific features disclosed in the
context of the figures, wherein

Fig. 1 illustrates the basic steps of the method in ac-
cordance with the first aspect of the present in-
vention; and

Fig. 2 is a schematic illustration of the system accord-
ing to the fifth aspect.

DESCRIPTION OF EMBODIMENTS

[0067] Figure 1 illustrates the basic steps of the method
according to the first aspect. The inventive method starts
off with step S11 which encompasses the acquisition of
a CT-dataset that provides the one or more planning im-
ages. In the case of breast cancer radiotherapy, the plan-
ning image shows the anatomical structures in the state
of a DIBH the patient performs prior to the actual radio-
therapy treatment.
[0068] In step S12, the anatomical structures of inter-
est are determined/marked within the planning image.
For breast cancer radiotherapy, the anatomical struc-
tures of interest may include the sternum and/or the an-
terior sections of the patient’s ribs as an indicator for the
position of the breast tumour bed to be irradiated, the
spine of the patient as an indicator of whether the DIBH
is performed correctly without the patient "making use of
the spine", and of course the heart as a radiation sensitive
structure which should be spared from radiation. Thus,
the arrangement of the anatomical structures for an ideal
DIBH is known, on the basis of which a treatment plan
is generated. Consequently, further DIBHs of the patient
during treatment should resemble this first one as far as
possible.
[0069] After the patient has been positioned with re-
spect to the radiation treatment apparatus, further verifi-
cation images are made (Step S13) so as to evaluate a
correct positioning of the patient with respect to the ra-
diation treatment apparatus as well as whether the pa-
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tient performs a DIBH correctly, i.e. in the same manner
as the first one, such that the anatomical structures are
arranged in the same manner as in the planning image
that forms the basis for the treatment plan.
[0070] To do so, the anatomical structures of interest
which have been determined/marked in the planning im-
age are determined/marked in the verification image(s),
as well (Step S14). This second identification procedure
is supported by data that has already been acquired dur-
ing the first identification procedure. For example, a com-
puter system may locate the anatomical structure in the
verification image by searching the verification image for
image content which resembles the anatomical struc-
tures determined/marked in the planning image.
[0071] In the following step S15, a separate image fu-
sion is performed for each anatomical structure which
has been determined/marked in both, the planning image
and the verification image. This delivers a separate trans-
formation matrix for each anatomical structure. In case
a previously designated main anatomical structure which
is used for aligning the patient with respect to the radiation
treatment apparatus is positioned similarly in both, the
planning image and the verification image, it can be as-
sumed that the patient is positioned as desired with re-
spect to the radiation treatment apparatus. In case this
also applies for the remaining anatomical structures, it is
further assumed that the patient performs the DIBH cor-
rectly. However, in case at least one of the remaining
anatomical structures has a deviating position as com-
pared to the planning image, it is likely that the patient
does not perform the DIBH as desired. In case the devi-
ation exceeds a certain threshold, particularly when a
sensitive structure such as the heart lies within the beam
path, a signal may be output to warn personal or even
pause/abort the treatment procedure. In case each one
of the anatomical structures deviates in the same manner
as compared to the planning image, even beyond a pre-
determined threshold of allowability, it can be assumed
that the patient performs the DIBH in a correct and de-
sired manner, but is not aligned properly with respect to
the radiation therapy apparatus. Distinguishing between
the aforementioned cases is possible as, in accordance
with the present invention, the image fusion transforma-
tions that have been calculated for each one of the ana-
tomical structures separately, are compared to each oth-
er and taken into account when evaluating the image
fusion transformation of a specific anatomical structure.
[0072] Figure 2 is a schematic illustration of the med-
ical system 1 according to the fifth aspect. The system
is in its entirety identified by reference sign 1 and com-
prises a computer 2, an electronic data storage device
(such as a hard disc) 3 for storing at least the patient data
and a medical device 4 (such as a radiation treatment
apparatus). The components of the medical system 1
have the functionalities and properties explained above
with regard to the fifth aspect of this disclosure.

Claims

1. A computer-implemented medical method for veri-
fying a relative position of a plurality of anatomical
structures of interest of a patient, the method com-
prising the following steps:

a) planning data is acquired (S11), describing
at least one planning-image showing the plural-
ity of anatomical structures;
b) first identification data is determined (S12)
based on the planning data, describing a posi-
tion of at least two of the plurality of anatomical
structures of interest within the at least one plan-
ning-image;
c) verification data is acquired (S13) describing
at least one verification-image showing the least
two of the plurality of anatomical structures of
interest at a point in time later than the planning-
image;
d) second identification data is determined (S14)
based on the verification data, particularly based
on the verification data and the first identification
data, describing a position of the at least two of
the plurality of the anatomical structures of in-
terest within the at least one verification-image;
the method being characterized by the follow-
ing steps:
e) transformation data is determined (S15)
based on the first identification data and the sec-
ond identification data, describing, for each one
of the at least two anatomical structures, a dis-
tinct image fusion transformation; and
f) evaluation data is determined (S16) based on
the transformation data, describing, for a first
image fusion transformation determined for a
first anatomical structure, whether a deviation
of the position of the first anatomical structure
from its position shown in the at least one plan-
ning-image is within a predetermined threshold
as compared with a deviation of the position of
a second anatomical structure from its position
shown in the at least one planning-image, which
is shown by a second image fusion transforma-
tion determined for the second anatomical struc-
ture.

2. The method according to claim 1, wherein the meth-
od is performed to verify a correct execution of a
deep-inspiration-breath-hold (DIBH) procedure, par-
ticularly wherein the at least two anatomical struc-
tures of interest are selected from the group com-
prising:

- the sternum of the patient and/or an anterior
section of at least one of the ribs of the patient;
- the spine of the patient;
- the heart of the patient as a sensitive structure
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radiation should not be applied to.

3. The method according to any one of the claims 1 or
2, wherein taking into account the at least one sec-
ond image fusion transformation for the least one
first image fusion transformation involves applying
the at least one second image fusion transformation
to the at least one first image fusion transformation.

4. The method according to claim 3, wherein a trans-
formation matrix of the at least one first image fusion
transformation is multiplied with the inverse transfor-
mation matrix of the least one second image fusion
transformation.

5. The method according to any one of claims 1 to 4,
wherein position data is determined based on the
second identification data, describing for at least one
of the anatomical structures of interest, particularly
the main anatomical structure of interest, whether it
is positioned at a predefined desired position with
respect to a radiation treatment apparatus.

6. The method according to any one of claims 1 to 5,
wherein reposition data is determined based on the
second identification data, describing for at least one
of the anatomical structures of interest, particularly
the main anatomical structure of interest, the posi-
tional deviation from a predefined desired position
with respect to a radiation treatment apparatus, par-
ticularly with respect to one or more treatment
beams, specifically wherein a signal is issued des-
ignated to reposition the patient with respect to the
radiation treatment apparatus for positioning the at
least one of the anatomical structures of interest at
the predefined desired position.

7. The method according to any one of claims 1 to 6,
wherein a signal is issued designated to warn per-
sonnel in case the predetermined threshold for at
least one of the image fusion transformations is ex-
ceeded, particularly for the time period the threshold
is exceeded.

8. The method according to any one of claims 1 to 7,
wherein acquiring verification data involves acquir-
ing one or more monoscopic X-ray-images and/or
one or more stereoscopic X-ray-image-pairs.

9. A program which, when running on a computer,
causes the computer to perform the method steps
of the method according to any one of the claims 1
to 8.

10. A program storage medium on which the program
according to claim 9 is stored.

11. A computer comprising at least one processor and

a memory and the program storage medium accord-
ing to claim 10, wherein the program is running on
the computer.

12. A signal wave or a digital signal wave, carrying the
program according to claim 10.

13. A medical system (1), comprising:

a) the at least one computer (2) according to
claim 11;
b) at least one electronic data storage device (3)
storing at least the planning data and the verifi-
cation data; and
c) a medical device (4) for carrying out a medical
procedure on the patient,

wherein the at least one computer is operably cou-
pled to

- the at least one electronic data storage device
(3) for acquiring, from the at least one data stor-
age device (3), at least the planning data and
the verification data, and
- the medical device (4) for issuing a control sig-
nal to the medical device (4) for controlling the
operation of the medical device on the basis of
at least the evaluation data.

14. The system according to the claim 13, wherein the
medical device comprises
a radiation treatment apparatus comprising a treat-
ment beam source and a patient support unit,
wherein the at least one computer is operably cou-
pled to the radiation treatment apparatus for issuing
a control signal to the radiation treatment apparatus
for controlling, on the basis of at least the evaluation
data, at least one of

- the operation of the treatment beam source or
- the position of the patient support unit.

Patentansprüche

1. Computerimplementiertes medizinisches Verfahren
zum Verifizieren einer relativen Position einer Viel-
zahl von anatomischen Strukturen von Interesse ei-
nes Patienten, wobei das Verfahren die folgenden
Schritte umfasst:

a) Akquirieren von Planungsdaten (S11), wobei
zumindest ein Planungsbild beschrieben wird,
das die Vielzahl von anatomischen Strukturen
zeigt;
b) Bestimmen erster Identifikationsdaten (S12)
basierend auf den Planungsdaten, wobei eine
Position von zumindest zwei der Vielzahl von
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anatomischen Strukturen von Interesse in dem
zumindest einen Planungsbild beschrieben
wird;
c) Akquirieren von Verifizierungsdaten (S13),
die zumindest ein Verifizierungsbild beschrei-
ben, das die zumindest zwei der Vielzahl von
anatomischen Strukturen von Interesse zu ei-
nem späteren Zeitpunkt als das Planungsbild
zeigt;
d) Bestimmen zweiter Identifikationsdaten
(S14) basierend auf den Verifizierungsdaten,
insbesondere basierend auf den Verifizierungs-
daten und den ersten Identifikationsdaten, wo-
bei eine Position der zumindest zwei der Viel-
zahl von anatomischen Strukturen von Interes-
se in dem zumindest einen Verifizierungsbild
beschrieben wird; wobei das Verfahren durch
die folgenden Schritte gekennzeichnet ist:
e) Bestimmen von Transformationsdaten (S15)
basierend auf den ersten Identifikationsdaten
und den zweiten Identifikationsdaten, wobei für
jede der zumindest zwei anatomischen Struktu-
ren eine unterschiedliche Bildfusionstransfor-
mation beschrieben wird; und
f) Bestimmen von Evaluierungsdaten (S16) ba-
sierend auf den Transformationsdaten, wobei
für eine erste Bildfusionstransformation, die für
eine erste anatomische Struktur bestimmt wird,
beschrieben wird, ob eine Abweichung von der
Position der ersten anatomischen Struktur von
ihrer Position, die in dem zumindest einen Pla-
nungsbild gezeigt wird, innerhalb eines vorbe-
stimmten Schwellenbereichs liegt, im Vergleich
mit einer Abweichung von der Position einer
zweiten anatomischen Struktur von ihrer Positi-
on, die in dem zumindest einen Planungsbild
gezeigt wird, was durch eine zweite Bildfusions-
transformation, die für die zweite anatomische
Struktur bestimmt wird, gezeigt wird.

2. Verfahren nach Anspruch 1, wobei das Verfahren
durchgeführt wird, um eine korrekte Ausführung ei-
nes DIBH (deep-inspiration-breath-hold)-Verfah-
rens zu verifizieren, wobei insbesondere die zumin-
dest zwei anatomischen Strukturen von Interesse
ausgewählt sind aus der Gruppe umfassend:

- das Brustbein des Patienten und/oder einen
vorderen Abschnitt von zumindest einer der Rip-
pen des Patienten;
- die Wirbelsäule des Patienten;
- das Herz des Patienten als eine empfindliche
Struktur, auf die keine Strahlung angewendet
werden soll.

3. Verfahren nach einem der Ansprüche 1 oder 2, wo-
bei ein Berücksichtigen der zumindest einen zweiten
Bildfusionstransformation für die zumindest eine

erste Bildfusionstransformation ein Anwenden der
zumindest einen zweiten Bildfusionstransformation
auf die zumindest eine erste Bildfusionstransforma-
tion beinhaltet.

4. Verfahren nach Anspruch 3, wobei eine Transforma-
tionsmatrix der zumindest einen ersten Bildfusions-
transformation mit der inversen Transformationsma-
trix der zumindest einen zweiten Bildfusionstransfor-
mation multipliziert wird.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei
Positionsdaten basierend auf den zweiten Identifi-
kationsdaten bestimmt werden, wobei für zumindest
eine der anatomischen Strukturen von Interesse,
insbesondere die hauptsächliche anatomische
Struktur von Interesse, beschrieben wird, ob sie an
einer vordefinierten gewünschten Position in Bezug
auf ein Strahlenbehandlungsgerät positioniert ist.

6. Verfahren nach einem der Ansprüche 1 bis 5, wobei
Neupositionierungsdaten basierend auf den zweiten
Identifikationsdaten bestimmt werden, wobei für zu-
mindest eine der anatomischen Strukturen von Inte-
resse, insbesondere die hauptsächliche anatomi-
sche Struktur von Interesse, die Positionsabwei-
chung von einer vordefinierten gewünschten Positi-
on in Bezug auf ein Strahlenbehandlungsgerät, ins-
besondere in Bezug auf einen oder mehrere Be-
handlungsstrahlen, beschrieben wird, wobei spezi-
fisch ein Signal ausgegeben wird, das vorgesehen
ist, um den Patienten in Bezug auf das Strahlenbe-
handlungsgerät neu zu positionieren, um die zumin-
dest eine der anatomischen Strukturen von Interes-
se an der vordefinierten gewünschten Position zu
positionieren.

7. Verfahren nach einem der Ansprüche 1 bis 6, wobei
ein Signal ausgegeben wird, das vorgesehen ist, um
Mitarbeiter zu warnen, falls der vorbestimmte
Schwellenwert für zumindest eine der Bildfusions-
transformationen überschritten wird, insbesondere
für die Zeitspanne, in der der Schwellenwert über-
schritten wird.

8. Verfahren nach einem der Ansprüche 1 bis 7, wobei
ein Akquirieren von Verifizierungsdaten ein Akqui-
rieren von einem oder mehreren monoskopischen
Röntgenbildern und/oder einem oder mehreren ste-
reoskopischen Röntgenbilderpaaren beinhaltet.

9. Programm, das bei Ausführung auf einem Computer
den Computer dazu veranlasst, die Verfahrens-
schritte des Verfahrens nach einem der Ansprüche
1 bis 8 durchzuführen.

10. Programmspeichermedium, auf dem das Programm
nach Anspruch 9 gespeichert ist.
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11. Computer, umfassend zumindest einen Prozessor
und einen Speicher und das Programmspeicherme-
dium nach Anspruch 10, wobei das Programm auf
dem Computer ausgeführt wird.

12. Signalwelle oder digitale Signalwelle, die das Pro-
gramm nach Anspruch 10 trägt.

13. Medizinisches System (1), umfassend:

a) den zumindest einen Computer (2) nach An-
spruch 11;
b) zumindest eine elektronische Datenspeicher-
vorrichtung (3), die zumindest die Planungsda-
ten und die Verifizierungsdaten speichert; und
c) eine medizinische Vorrichtung (4) zum Aus-
führen einer medizinischen Behandlung an dem
Patienten, wobei der zumindest eine Computer
operabel gekoppelt ist an:

- die zumindest eine elektronische Daten-
speichervorrichtung (3) zum Akquirieren
zumindest der Planungsdaten und der Ve-
rifizierungsdaten von der zumindest einen
Datenspeichervorrichtung (3), und
- die medizinische Vorrichtung (4) zum Aus-
geben eines Steuersignals an die medizini-
sche Vorrichtung (4) zum Steuern des Be-
triebs der medizinischen Vorrichtung basie-
rend auf zumindest den Evaluierungsdaten.

14. System nach Anspruch 13, wobei die medizinische
Vorrichtung Folgendes umfasst ein Strahlenbe-
handlungsgerät, das eine Behandlungsstrahlen-
quelle und eine Patientenunterstützungseinheit um-
fasst,
wobei der zumindest eine Computer operabel an das
Strahlenbehandlungsgerät gekoppelt ist, um ein
Steuersignal an das Strahlenbehandlungsgerät aus-
zugeben, um basierend auf zumindest den Evaluie-
rungsdaten eines von

- dem Betrieb der Behandlungsstrahlenquelle
oder
- der Position der Patientenunterstützungsein-
heit

zu steuern.

Revendications

1. Procédé médical implémenté par ordinateur pour vé-
rifier une position relative d’une pluralité de structu-
res anatomiques d’intérêt d’un patient, le procédé
comprenant les étapes suivantes :

a) des données de planification sont acquises

(S11), décrivant au moins une image de plani-
fication représentant la pluralité de structures
anatomiques ;
b) des premières données d’identification sont
déterminées (S12) sur la base des données de
planification, décrivant une position d’au moins
deux de la pluralité de structures anatomiques
d’intérêt à l’intérieur de l’au moins une image de
planification ;
c) des données de vérification sont acquises
(S13) décrivant au moins une image de vérifi-
cation représentant les au moins deux de la plu-
ralité de structures anatomiques d’intérêt à un
instant ultérieur à l’image de planification ;
d) des secondes données d’identification sont
déterminées (S14) sur la base des données de
vérification, particulièrement sur la base des
données de vérification et des premières don-
nées d’identification, décrivant une position des
au moins deux de la pluralité des structures ana-
tomiques d’intérêt à l’intérieur de l’au moins une
image de vérification ; le procédé étant carac-
térisé par les étapes suivantes :
e) des données de transformation sont détermi-
nées (S15) sur la base des premières données
d’identification et des secondes données d’iden-
tification, décrivant, pour chacune des au moins
deux structures anatomiques, une transforma-
tion de fusion d’image distincte ; et
f) des données d’évaluation sont déterminées
(S16) sur la base des données de transforma-
tion, décrivant, pour une première transforma-
tion de fusion d’image déterminée pour une pre-
mière structure anatomique, le fait qu’un écart
de la position de la première structure anatomi-
que quant à sa position représentée dans l’au
moins une image de planification est ou non au
sein d’un seuil prédéterminé par rapport à un
écart de la position d’une seconde structure ana-
tomique quant à sa position représentée dans
l’au moins une image de planification, qui est
représentée par une seconde transformation de
fusion d’image déterminée pour la seconde
structure anatomique.

2. Procédé selon la revendication 1, dans lequel le pro-
cédé est réalisé pour vérifier une exécution correcte
d’une procédure à inspiration profonde et à respira-
tion retenue (DIBH), particulièrement dans lequel les
au moins deux structures anatomiques d’intérêt sont
sélectionnées parmi le groupe comprenant :

- le sternum du patient et/ou une section anté-
rieure d’au moins une des côtes du patient ;
- la colonne vertébrale du patient ;
- le cœur du patient en tant que structure sen-
sible sur laquelle un rayonnement ne doit pas
être appliqué.
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3. Procédé selon l’une quelconque des revendications
1 ou 2, dans lequel la prise en compte de l’au moins
une seconde transformation de fusion d’image pour
l’au moins une première transformation de fusion
d’image implique l’application de l’au moins une se-
conde transformation de fusion d’image sur l’au
moins une première transformation de fusion d’ima-
ge.

4. Procédé selon la revendication 3, dans lequel une
matrice de transformation de l’au moins une premiè-
re transformation de fusion d’image est multipliée
avec la matrice de transformation inverse de l’au
moins une seconde transformation de fusion d’ima-
ge.

5. Procédé selon l’une quelconque des revendications
1 à 4, dans lequel des données de position sont dé-
terminées sur la base des secondes données d’iden-
tification, décrivant, pour au moins une des structu-
res anatomiques d’intérêt, particulièrement la struc-
ture anatomique principale d’intérêt, le fait qu’elle est
ou non positionnée à une position souhaitée prédé-
finie par rapport à un appareil de traitement par
rayonnement.

6. Procédé selon l’une quelconque des revendications
1 à 5, dans lequel données de reposition sont déter-
minées sur la base des secondes données d’identi-
fication, décrivant pour au moins une des structures
anatomiques d’intérêt, particulièrement la structure
anatomique principale d’intérêt, l’écart positionnel
quant à une position souhaitée prédéfinie par rapport
à un appareil de traitement par rayonnement, parti-
culièrement en ce qui concerne un ou plusieurs fais-
ceaux de traitement, spécifiquement dans lequel un
signal est émis, désigné pour repositionner le patient
par rapport à l’appareil de traitement par rayonne-
ment, pour positionner l’au moins une des structures
anatomiques d’intérêt à la position souhaitée prédé-
finie.

7. Procédé selon l’une quelconque des revendications
1 à 6, dans lequel un signal est émis, désigné pour
avertir un membre du personnel au cas où le seuil
prédéterminé pour au moins une des transforma-
tions de fusion d’images est dépassé, particulière-
ment pendant la période durant laquelle le seuil est
dépassé.

8. Procédé selon l’une quelconque des revendications
1 à 7, dans lequel l’acquisition de données de véri-
fication implique l’acquisition d’une ou de plusieurs
images radiographiques monoscopiques et/ou
d’une ou de plusieurs paires d’images radiographi-
ques stéréoscopiques.

9. Programme qui, lorsqu’il est exécuté sur un ordina-

teur, fait en sorte que l’ordinateur réalise les étapes
du procédé selon l’une quelconque des revendica-
tions 1 à 8.

10. Support de stockage de programme, sur lequel le
programme selon la revendication 9 est stocké.

11. Ordinateur comprenant au moins un processeur et
une mémoire et le support de stockage de program-
me selon la revendication 10, dans lequel le pro-
gramme est exécuté sur l’ordinateur.

12. Onde de signal ou onde de signal numérique, portant
le programme selon la revendication 10.

13. Système médicale (1), comprenant :

a) l’au moins un ordinateur (2) selon la revendi-
cation 11 ;
b) au moins un dispositif électronique de stoc-
kage de données (3) stockant au moins les don-
nées de planification et les données de
vérification ; et
c) un dispositif médical (4) pour réaliser une pro-
cédure médicale sur le patient, dans lequel l’au
moins un ordinateur est fonctionnellement cou-
plé à

- l’au moins un dispositif électronique de
stockage de données (3) pour acquérir, à
partir de l’au moins un dispositif de stockage
de données (3), au moins les données de
planification et les données de vérification,
et
- le dispositif médical (4) pour envoyer un
signal de commande au dispositif médical
(4) pour commander le fonctionnement du
dispositif médical sur la base au moins des
données d’évaluation.

14. Système selon la revendication 13, dans lequel le
dispositif médical comprend un appareil de traite-
ment par rayonnement comprenant une source de
faisceau de traitement et une unité de support de
patient,
dans lequel l’au moins un ordinateur est fonctionnel-
lement couplé à l’appareil de traitement par rayon-
nement pour envoyer un signal de commande à l’ap-
pareil de traitement par rayonnement pour comman-
der, sur la base au moins des données d’évaluation,
au moins un de

- le fonctionnement de la source de faisceau de
traitement, ou
- la position de l’unité de support de patient.
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