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(57) ABSTRACT

A method for forming at least a part of a preferably endovas-
cular interventional aid with the aid of self-organizing nano-
robots consisting of catoms and an associated system are
provided. A form of the required interventional aid is deter-
mined from at least one 3D image data record of a target
region. The determined form is converted to a readable and
executable program code for the respective catoms of the
nanorobots and is transferred to a storage unit. The program
code is executed which prompts self-organization of the pre-
viously unstructured catoms to form the required interven-
tional aid according to the previously determined form.
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METHOD FOR FORMING AN
INTERVENTIONAL AID WITH THE AID OF
SELF-ORGANIZING NANOROBOTS
CONSISTING OF CATOMS AND
ASSOCIATED SYSTEM UNIT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority of German applica-
tion No. 10 2009 039 520.2 filed Aug. 31, 2009, German
application No. 10 2009 060 092.2 filed Dec. 22, 2009, and
German application No. 10 2010 009 014.4 filed Feb. 24,
2010, which are incorporated by reference herein in its
entirety.

FIELD OF THE INVENTION

[0002] The invention relates to a method for forming at
least a part of a preferably endovascular interventional aid
with the aid of self-organizing nanorobots consisting of
catoms and an associated system unit.

BACKGROUND TO THE INVENTION

[0003] Very many examinations and interventions on
patients are carried out in a minimally invasive manner. With
such procedures instruments (catheters, etc.) are inserted into
the patient through small openings (e.g. access in the groin) to
carry out examinations or therapies in the heart, head or
abdomen. These procedures are monitored with the aid of
two-dimensional x-ray fluoroscopy images, e.g. by means of
C-arm angiography systems. Modem angiography systems
are also able to record three-dimensional images of the
examination region by rotating the C-arm about the patient
and reconstructing the rotation sequences.

[0004] With many of these interventions “therapeutic aids”
are introduced into the patient, e.g.

[0005] stents, e.g. to assist with the widening of narrowed
vessels or to repair vessel segments,

[0006] flexible coils, e.g. to close off aneurysms,

[0007] microbeads, e.g. to close off/fembolize vessels sup-
plying a tumor.

[0008] There are in principle three problems:

[0009] 1. To achieve optimum therapeutic success, such

aids generally have to be tailored very precisely to the respec-
tive anatomy of the patient. The corresponding selection
requires time and very precise measuring of the anatomy, e.g.
based on a 3D data record. Such measurements are generally
taken either manually or with the aid of 3D image processing
(e.g. segmentation of the vessel segment). Also a 100% suit-
ableaid (e.g. a precisely fitting stent) is often not available and
must be produced specially or the “second best” must be
selected.

[0010] 2. The selected aid, e.g. coil or stent, must be posi-
tioned optimally. For example stents must not close off any
outgoing vessels and coils must not project into the carrier
vessel (to avoid embolisms). The latter is particularly prob-
lematic, as coils can assume different shapes from those
planned on introduction into an aneurysm.

[0011] 2. Navigation of the guide wire or catheter to the site
to be treated. During the treatment of cerebral aneurysms for
example very small or narrow vessel branches have to be
treated. In the case of treatments in the heart in contrast
certain points have to be approached precisely in the organ
with its movement due to the heartbeat.
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[0012] Thebackground to the present inventionis the form-
ing and introduction of such aids or of navigation aids, by
what is known as Dynamic Physical Rendering (DPR) or
Claytronics [1,2,3,4,5], the name coming from the epony-
mous interdisciplinary Claytronics researcher group at Car-
negie Mellon University. The research subject (a current
research sub-field of nanotechnology in convergence with
robotics) is also referred to as programmable (or intelligent)
material. The object of the research field is to organize “intel-
ligent” autonomous “material particles” in other words
autonomous nanorobots, by means of what is known as
Dynamic Physical Rendering (DPR) to form actually existing
macrobodies of any programmable form. The specific nano-
robots used in Claytronics are known as catoms, combining
the terms Claytronics and atom. These are in principle small,
autonomous robots, which are able to self-organize to assume
a previously commonly programmed larger configuration.
[0013] Intelligent nanorobots are known as a collective
from [5]. They can act independently, introduce drugs into
cells, etc. Ways are described in which the CNRs (Collective
of Nanorobots) can be moved into position. They are for
example bound to antibodies, which draw the CNRs approxi-
mately for example into inflamed regions. They are also posi-
tioned on stents that have been introduced in the conventional
manner and then serve as atype of base. From there they carry
out their tasks (e.g. combating stroke or inflammation) and
then return to it.

[0014] Publications, e.g. [1,3,4] show that the localization
and self-organization of the robots can already be applied for
small units or in simulations. Challenges for endovascular
application are still the size and energy supply of the units to
be used. However the miniaturization of such units is con-
stantly advancing rapidly.

SUMMARY OF THE INVENTION

[0015] The invention is based on the task of making it
possible to use “intelligent” autonomous “material particles”,
in other words the abovementioned autonomous nanorobots
for minimally invasive procedures by means of what is known
as Dynamic Physical Rendering (DPR).

[0016] The object is achieved with the method and appara-
tus according to the independent claims. Advantageous
embodiments of the method and apparatus are set out in the
dependent claims or can be derived from the description
which follows and the exemplary embodiments.

[0017] One aspect of the invention is a method for forming
at least a part of an interventional aid with the aid of self-
organizing nanorobots consisting of catoms, having the fol-
lowing steps:

[0018] Usingatleastone 3D image data record of a target
region, preferably of the region to be treated,

[0019] Determining a form of the required part(s) of the
interventional aid from the at least one 3D image data
record,

[0020] Converting the determined form to a readable and
executable program code for the respective catoms of
the nanorobots and transferring it to these or its storage
unit there,

[0021] Activating the execution of the program code,
which prompts self-organization of the previously
unstructured catoms to form the required interventional
aid according to the previously determined form.
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[0022] A further aspect of the invention is a system unit or
apparatus for organizing nanorobots consisting of catoms,
which are suitable for implementing the method, comprising:

[0023] a number of nanorobots, with each nanorobot
comprising at least a part of a program code, by means of
which the nanorobots are configured to form at least a
part of the interventional aid with the aid of the nanoro-
bots by communicating and exchanging information
with other nanorobots,

[0024] wherein the nanorobots can be or have been intro-
duced into a target region, preferably of the region to be
treated,

[0025] wherein the nanorobots have means for executing
the program code, which can be activated by prompting
self-organization of the previously unstructured catoms
to form the at least one part of the required interventional
aid according to the previously determined form.

[0026] The at least one part of the required interventional
aid can preferably be used in an endovascular target region or
for the purpose of navigation in such a target region. The at
least one part of the required interventional aid can be repre-
sented by an interventional aid that is complete and/or
remains stationary in the body, preferably at least one stent,
coil, or by a temporary aid, in particular one formed momen-
tarily just for navigation purposes, such as a catheter and/or
guide wire, or by preferably at least a part of at least one
catheter and/or catheter tip and/or at least one guide wire
and/or at least one guidance aid.

[0027] In one advantageous development of the invention
provision is made for it to be possible to introduce the nano-
robots into the target region with the aid of a catheter.
[0028] A timer or position sensor can be used to trigger the
activation of the program code.

[0029] The region to be treated can advantageously be seg-
mented from the 3D image data record, segmentation being
carried out based on set marking points.

[0030] The specific form of the required interventional aid
can be based on a three-dimensional model, which demon-
strates variations of a specified basic form (e.g. of a cylinder).
[0031] It is thus possible to introduce and position the aids
quickly, automatically, optimally and in a specific manner for
each patient without prior manual measuring or dimension-
ing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Further advantages, details and developments of the
invention will emerge from the description which follows of
exemplary embodiments in conjunction with the drawings, in
which:

[0033] FIGS. 1a and 15 show catoms, in other words the
Claytronics hardware, the diameter of which can be below 1
mm for example,

[0034] FIGS. 24,256 and 2¢ show an example of the forming
of a stationary aid, specifically a stent in an abdominal aneu-
rysm,

[0035] FIGS. 3a,3b and 3¢ show an example of the forming
of a stationary aid, specifically a coil in a cerebral aneurysm,
[0036] FIGS. 4q, 45 and 4¢ show an example of a stationary
aid for embolizing a liver tumor,

[0037] FIGS.5a,5b,5¢,5d, 6a,6b,6c¢,6dand 7a,7b,7¢c,7d
show an example of a temporary aid for navigation in difficult
“branches” in brain vessels and
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[0038] FIGS. 8q, 85, 8¢, 84, 9a, 95, 9¢, 9d and 10a, 105,
10c¢, 104 show an example of a temporary aid for navigation
for the purpose of ablation in cases of cardiac arrthythmia.

DETAILED DESCRIPTION OF THE INVENTION

[0039] The inventive application for endovascular inter-
ventions now provides for the temporary or permanent “clon-
ing” of previously determined anatomical structures, to facili-
tate the selection and positioning of stents and coils for
example.

[0040] The forming of a stationary interventional aid from
catoms is described below with reference to three examples:
[0041] The starting point in each instance is a 3D data
record (e.g. a CT angiography, a rotational angiography or a
C-arm CT) of the region to be treated. In some circumstances
segmentation (e.g. vessel segmentation) of the data record
may be advantageous.

[0042] FIGS. 2a,2b and 2¢ show an example of the forming
of a stent in an abdominal aneurysm.

[0043] The starting point is a 3D data record (e.g. a CT
angiography) of the aneurysm. Based on a segmentation of
the data record (e.g. into lumen and thrombus) and any mark-
ing or measurement points set by the user (marking the
planned stent limits for example), as marked by means of
crosses in FIG. 2a, it is possible to calculate the form of the
“optimum” stent automatically, e.g. as a grid model, as shown
for example in FI1G. 25. This model is then the programming
for the catoms Cat, which can be introduced for example by
way of a catheter in unstructured form into the aneurysm (see
FIG. 2¢). The units organize themselves in situ, as set out
above (see FIG. 2b), to form the stent of previously deter-
mined form (see FIG. 2¢).

[0044] Other advantages, apart from the optimum tailoring
of the stent to the vessel, are optimum positioning (without
the risk of closing off outgoing vessels, e.g. renal arteries) and
uncomplicated introduction compared with the conventional
positioning of an abdominal stent.

[0045] FIGS. 3a,3b and 3¢ show an example of the forming
of'a coil in a cerebral aneurysm.

[0046] The starting point is a 3D data record (e.g. a CT or
rotational angiography) of the aneurysm. Based on a segmen-
tation of the data record and any measurement points set by
the user, which designate the limits of the region to be closed
off here for example and are shown marked by crosses in FIG.
3a, it is possible to calculate the form of the “optimum” coil
automatically, e.g. as a grid model, as shown for example in
FIG. 3b. In addition to the coil for closing off the aneurysm,
itis also possible to take into account any plastic vessel molds
for modeling the vessels in question. It is possible to plan a
very complex “repair aid” in this manner. This model is then
the programming for the catoms Cat, which can be introduced
for example by way of a catheter into the aneurysm (see FIG.
3¢). The units organize themselves in situ, as set out above
(see FIG. 3b), to form the coil or stent of previously deter-
mined form (see FIG. 3¢).

[0047] Other advantages, apart from the optimum design of
the coil, are optimum positioning (without the risk of closing
off or otherwise impairing the carrier vessel) and uncompli-
cated introduction compared with standard coils and stents
for an intracranial aneurysm.

[0048] FIGS. 4a, 4b and 4¢ show an example based on the
embolization of a liver tumor.

[0049] The starting point is a 3D data record (e.g. a CT or
rotational angiography) of the liver vessel supplying the
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tumor. Based on a segmentation of the data record and any
measurement points set by the user (here marking the vessels
to be closed off for example), which are marked by crosses in
FIG. 4a, it is possible to calculate the form of the “optimum”
blocks for the arteries to be embolized, e.g. as a grid model, as
shown for example in FIG. 4b. This model is then the pro-
gramming for the catoms Cat, which can be introduced for
example by way of a catheter into the liver arteries (see FIG.
4c¢). The units organize themselves in situ, as set out above
(see FIG. 4b), to form the embolizers of previously deter-
mined form (see FIG. 4c¢).

[0050] The described measurement points can also be pro-
posed automatically by the segmentation for the respective
application. It is thus possible for example for the stent limits
for an abdominal stent (see FIG. 2a) to be proposed automati-
cally by the location of the renal artery exits and the branches
of'the leg arteries. For an intracranial aneurysm the branches
of the supplying vessels could be proposed as measurement
points for example.

[0051] In a further embodiment the form of the interven-
tional aid, e.g. a stent, cannot be determined based on the 3D
model but it can be selected from a selection of available or
predetermined, in some instances geometric, standard forms,
e.g. stents of different lengths and diameters. The catoms then
assume the corresponding form. This also has the advantage
of simple introduction of the aid.

[0052] The forming of non-stationary or temporary inter-
ventional aids, in particular for the purpose of navigation,
from catoms is described below with reference to two
examples:

[0053] FIGS.5a,5b,5¢,5d, 6a,6b,6¢,6d and 7a,7b,7¢c,7d
show an example of navigation in difficult “branches” in brain
vessels. The problem with treating for example cerebral aneu-
rysms is the navigation of the guide wire or catheter to the site
to be treated. Cerebral vessel systems in particular contain
narrow turns or complex branches, which cannot be passed
through easily. The following three options are possible for
this example:

[0054] 1.Forming guides according to FIGS. 5a,5b, 5¢, 5d:
starting point is a 3D data record (e.g. a CT or rotational
angiography) of the brain vessels. Based on a segmentation of
the data record and any measurement points set by the user,
the physician is able to determine the path to be followed for
potentially difficult to navigate “branches” (see FI1G. 54a). The
form of the “catheter guide” to be assumed later by the catoms
is therefore determined based on the 3D data record. When
the physician reaches the branch with a catheter, the catoms
Cat are first introduced unstructured (see FIG. 56). They then
form themselves into the required “guide” in situ (see FIG.
5¢), so that the catheter can be pushed easily and quickly
through the branch in the correct direction. Once the branch
has been passed through successfully, the fowl can break
down again (see FIG. 5d). The catoms can then be “extracted”
for example or can remain unstructured in the body.

[0055] 2.Forminga complete instrument (see FIGS. 6a, 65,
6c, 6d): starting point is a 3D data record (e.g. a CT or
rotational angiography) of the brain vessels. The user now
simply marks the end point E of the navigation, e.g. the
aneurysm, and optionally one point in an easy to reach part of
the supplying artery (see FIG. 6a). Based on a segmentation
of the data record the system calculates the best connecting
line to the navigation target. This is the form of the catheter to
be formed later by the catoms Cat. When the physician
reaches a point close to the selected start point S, catoms are
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introduced gradually (in unstructured form) (see FIG. 65).
These then form themselves in situ into a thin tube that fol-
lows the previously defined form, thereby gradually forming
the catheter (see FIG. 6¢) until the target region is reached
(see FIG. 6d). After the end of the intervention the form can
break down again. The catoms can then be “extracted” for
example or can remain unstructured in the body.

[0056] 3.Forming parts of an instrument (see FIGS. 7a, 75,
7c, 7d): starting point is a 3D data record (e.g. a CT or
rotational angiography) of the brain vessels. The user simply
marks the end point of the navigation, e.g. the aneurysm, and
optionally one point in an easy to reach part of the supplying
artery (FIG. 7a). Based on a segmentation of the data record
the system calculates the best connecting line to the naviga-
tion target. The physician now introduces a catheter K_Cat,
the catheter tip of which is formed from catoms and can be
localized (e.g. by means of a position sensor). When the
physician reaches a point beyond the selected start point S, the
hitherto unstructured catoms automatically form themselves
into “bends”, which correspond principally to the curves and
branches of the calculated connecting line (FIGS. 76, 7¢, 7d).
The instrument is thus formed optimally for each branch to
facilitate navigation. The catoms then do not have to be
“extracted” or remain unstructured in the body, as they are a
fixed part of the instrument used.

[0057] FIGS. 8aq, 85, 8¢, 84, 9a, 95, 9¢, 9d and 10a, 105,
10c¢, 10d show an example of navigation for the purpose of
ablation in cases of cardiac arrhythmia. In this procedure
certain nerve paths are obliterated (generally electrother-
mally) in the auricles of the heart, to prevent unwanted
impulse conduction. What is known as a “lasso catheter” is
introduced here in the manner of an electrode, into one of the
pulmonary veins, in order then to carry out the obliteration
with an electric ablation catheter. The problem here is the
precise approach to the correct points, so that on the one hand
the treatment is successful and on the other hand greater
damage is not caused. The procedure is made more difficult
by heart movement, which makes it difficult to approach the
points precisely. The following three options are possible for
this example:

[0058] 1. Forming guides (see FIGS. 8a, 8b, 8¢, 84): Cer-
tain nerve paths are obliterated (generally electrothermally)
in the ventricles, to prevent unwanted impulse conduction
(see FIG. 8a). Starting point is a 3D data record (e.g. aCT or
MR) of the corresponding ventricle. The physician can mark
the ablation points AP to be approached later (see FIG. 85) in
a segmentation of the data record. The form of the “catheter
guide” to be assumed later by the catoms is determined based
on the 3D data record and the points planned therein. In this
instance these should form a “mask™ covering the ventricle
wall and only exposing the points to be obliterated (in some
instances with a corresponding guide (see FIG. 85)). The
physician can now introduce the catoms unstructured (FIG.
8¢), these then forming themselves into the desired “mask”in
situ (FIG. 8d), so that the ablation catheter can be moved
easily and quickly to the corresponding points while the
remainder of the heart wall is protected. Once the points have
been successfully reached, the farm can break down again.
After the end of the intervention the form can break down
again. The catoms can then be “extracted” for example or can
remain unstructured in the body.

[0059] 2.Formingacomplete instrument (FIGS. 9a,95,9c¢,
9d): starting point is a 3D data record (e.g. a CT or MR) of the
corresponding ventricle. The physician can mark the ablation
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points AP to be approached later (see FIG. 9a) in a segmen-
tation of the data record. The form of the ablation instrument
to be formed later by the catoms is determined based on the
3D data record and the points planned therein. In this instance
these can form a “mask”, which covers the ventricle wall and
configures conductive electrodes E1 connected together by
connections V at the points to be obliterated (see FIG. 96). A
lasso catheter can also be formed in some instances. Simple
terminals can also be formed, on which the current-carrying
catheters are positioned. The physician can now introduce the
catoms unstructured (see FIG. 9¢), these forming themselves
into the required instrument in situ (FIG. 94). The terminals
AK now only have to be “populated” from outside with the
electric catheters, so that ablation can take place safely and in
one step despite heart movement. Once ablation has been
completed successfully, the form can break down again. The
catoms can then be “extracted” for example or can remain
unstructured in the body.

[0060] 3. Forming parts of an instrument for the purpose of
navigation (FIGS. 104, 105, 10¢, 104): starting point is a 3D
data record (e.g. a CT or MR) of the corresponding ventricle.
The physician can mark the ablation points AP to be
approached later in a segmentation of the data record (FIG.
10a). Their 3D position in space is therefore known. These
can form a “mask” which covers the ventricle wall and con-
figures conductive electrodes E1 connected together by con-
nections V at the points to be obliterated (see FIG. 106). A
lasso catheter can also be formed in some instances. Simple
terminals can also be formed, on which the catheters are
positioned. The physician now introduces an ablation cath-
eter, the catheter tip of which is formed from catoms and can
be localized (e.g. by means of a position sensor) (FIG. 10c¢).
When the physician reaches a point close to the ablation
region, the hitherto unstructured catoms automatically form
themselves into “bends”, which lead to the predefined abla-
tion points P_AP (FIG. 10d). The instrument is thus formed
optimally for the approach to each ablation point. It is pos-
sible here for all the points to be left automatically or for the
approach to be initiated by the physician. The catoms then do
not have to be “extracted” or remain unstructured in the body,
as they are a fixed part of the instrument used.

[0061] In a further embodiment when forming guides the
forms can also be based on variations of simple basic geo-
metric forms instead of on a precise patient 3D model. For
example in addition to a complex anatomically precise guide
it is also possible to form simple “tubes” to pass through a
branch.

[0062] Instead of a 3D data record it is also possible, in
particular for applications in the heart, to use 4D data records
(3D and time information, e.g. heart movement). The position
of the instrument can then be determined correspondingly
more precisely, e.g. by way of correlation with an ECG signal.
[0063] To summarize the abovementioned examples have
the following common procedure:

[0064] Starting from an optionally segmented 3D data
record of the target region to be treated (e.g. a vascular
system) a 3D model is determined of the required aid
(stent, coil, navigation or guidance aid, complete cath-
eter or part of a catheter, e.g. catheter tip, etc.).

[0065] Depending on the model selected (stent, coil,
guidance aid, catheter (tip) etc.) a corresponding “pro-
gram” is used for the catoms in question and transferred
to these.
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[0066] The catoms are introduced unstructured, e.g. by
way of a catheter, into the target region to be treated or
they are part of a catheter or other instrument (see above)
in unstructured form.

[0067] The units or catoms organize themselves in situ,
e.g. after an appropriate “start command”, which can be
previously determined, into a previously determined
form (e.g. according to the 3D model) such as for

example:

[0068] one or more coils or stents,

[0069] as a navigation or guidance aid,

[0070] to form a complete catheter or

[0071] to form a part of a catheter, e.g. a catheter tip,

by means of a reforming operation.

[0072] Afterthe end of the procedure, the temporary aids
break down again. The catoms either remain in the body
or are taken out again (e.g. by extraction).

[0073] The stationary aids (e.g. stents or coils) remain in
a fixed form in the body, e.g. to close off the treated
aneurysm permanently.

[0074] Two embodiments are possible in principle here:

[0075] The catoms themselves are “intelligent units”,
which carry out their mutual localization and determine
the next steps themselves, or

[0076] Some oftheir intelligence is “outsourced”, e.g. to
an extracorporeal or (temporarily) intracorporeal “cen-
tral computer”. The catoms can then only send this their
respective position for example, the central computer
manages the self-organization and calculates the next
steps for each catom and then sends the corresponding
commands back to the catoms, which carry out such
commands accordingly. The catoms should then only be
able, if necessary, to carry out certain navigations or
reforming operations.
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[0080] [4] “Distributed Localization of Modular Robot
Ensembles”, Stanislav Funiak, Padmanabhan Pillai,
Michael P. Ashley-Rollman, Jason D. Campbell, and Seth
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Systems, June 2008 (and references therein).
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1.-23. (canceled)
24. A method for forming an interventional aid with nano-
robots consisting of catoms, comprising:
determining a faun of the interventional aid from a 3D
image data record of a target region;
converting the determined form to a readable and execut-
able program code for the catoms of the nanorobots;
transferring the determined form to a storage unit;
unstructured introducing the catoms to the target region;
and
executing the program code for self-organizing the
unstructured introduced catoms to form the interven-
tional aid based on the determined form.
25. The method as claimed in claim 24, further comprising
triggering the execution of the program code by a timer or a
position sensor.
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26. The method as claimed in claim 24, wherein the inter-
ventional aid is used in an endovascular target region.

27. The method as claimed in claim 24, wherein the inter-
ventional aid is a complete stent, and/or a complete coil,
and/or a complete catheter, and/or a complete guide wire.

28. The method as claimed in claim 24, wherein the inter-
ventional aid is a part of a catheter, and/or a catheter tip,
and/or a part of a guide wire, and/or a part of a guidance aid.

29. The method as claimed in claim 24, wherein the inter-
ventional aid is configured by temporarily self-organizing the
unstructured introduced catoms into the determined form.

30. The method as claimed in claim 24, wherein the pro-
gram code is executed to a degree on the catoms and/or to a
further degree on an external computation unit communi-
cated with the catoms.

31. The method as claimed in claim 24, wherein the target
region is segmented from the 3D image data record based on
marking points.

32. The method as claimed in claim 24, wherein the 3D
image data record is supplemented by a time-related infor-
mation to give a 4D image data record.

33. The method as claimed in claim 24, wherein the form of
the catoms is broken down.

34. The method as claimed in claim 24, wherein the form is
determined based on a three-dimensional model representing
variants of a specific basic form.

35. The method as claimed in claim 24, wherein the form is
determined based on a predetermined standard form.

36. A system unit for forming an interventional aid, com-
prising:

a computation device that determines a form of the inter-

ventional aid from a 3D image data record of a target
region;
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aplurality of nanorobots comprising catoms and a program
code based on the determined form that communicate
and exchange information with each other;

a storage unit that stores the determined form;

a device that unstructured introduces the catoms to the

target region; and

a device that executes the program code to Ruin the inter-

ventional aid based on the determined form by self-
organizing the unstructured introduced catoms.

37. The system unit as claimed in the claim 36, wherein the
nanorobots is introduced into the target region by a catheter.

38. The system unit as claimed in the claim 36, further
comprising a timer or a position sensor that triggers the
execution of the program code.

39. The system unit as claimed in the claim 36, wherein the
interventional aid is a complete stent, and/or a complete coil,
and/or a complete catheter, and/or a complete guide wire.

40. The system unit as claimed in the claim 36, wherein the
interventional aid is a part of a catheter, and/or a catheter tip,
and/or a part of a guide wire, and/or a part of a guidance aid.

41. The system unit as claimed in the claim 36, wherein the
program code is be executed to a degree on the catoms and/or
to a further degree on an external computation unit commu-
nicated with the catoms.

42. The system unit as claimed in the claim 36, wherein the
form is determined based on a three-dimensional model rep-
resenting variants of a specific basic form.

43. The system unit as claimed in the claim 36, wherein the
form is determined based on a predetermined standard form.
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