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Applications This application clainms priority under 35 U . S.C. 119(e) to .
U.S. Provisional Application 10 Serial No. 60/273,734 and to U.S.
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angi opl asty, stent, balloon, and coil placenent). Background of the
| nvention Recent progress in nedical science and engineering has hel ped to
reduce the use of traditional "open body" surgery in which incisions are
made to provide access to the operating area within the human body.
M nimally invasive therapy, a technique often perfornmed on an outpatient
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tubes or 30 catheters or other t?&ﬁgqughgeﬂ&mdiagnostic devices to a target
site in a human body. Mst card Interventional procedures are
perfornmed using catheters which are extrenely diverse  in shape and specific
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Background of the Invention

Recent progress in medical science and engineering has helped to reduce the use of traditional
"open body" surgery in which incisions are made to provide access to the operating area within the
human body. Minimally invasive therapy, a technique often performed on an outpatient basis without

20  extended hospitalization, is becoming increasingly popular.

Cardiovascular Interventional Radiology, one of the most complex and patient care-oriented
fields in radiology, is a medical specialty that uses image-guided, minimally invasive diagnbstic and
treatment techniques. Because interventional radiologists treat diseases non-operatively, procedures
performed by interventional radiologists are generally less costly and less traumatic to a patient than

25  surgery, involving smaller incisions, less pain, and shorter hospital stays. This can lead to improved
quality of health care delivery, decreased recovery time and reduced total cost to the patient and

health care payors.

Interventional cardiovascular radiology often réqujres the need to enter the vasculature
through small incisions and to utilize medical image guidance to maneuver thin plastic tubes or
30  catheters or other therapeutic or diagnostic devices to a target site in a human body. Most
cardiovascular interventional procedures are performed using catheters which are extremely diverse

in shape and specific features.



angi ographic catheters, Dr. Melvin P. Judkins shaped catheters at the tine
of each 5 exam nation by placing a pol yurethane tubing over a stiff wre
bent to conformto the shape of the 2bl ood vessel and then i mrersing the
catheter in boiling water to soften it. Wien the assenbly cool ed, he

wi thdrew the wire, and the catheter retained its shape (see, e.g., as
described in Dotter and Judkins, 1964, Circulation 30: 654-670; The

Cat heter Introducers, 1993, Eds: LA. Geddes and L.E. Geddes, Mobium Press,
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a device is evaluated and modified, if necessary, based on the behavior of the device when it is deployed

in a simulated system representing the anatomy of a patient in which the device will be used. Though
the intention is to create instruments targeted for specific patients, it is possible that a group of patients
or similar pathologies also may be targeted if the degree of similarities between

25  patients/pathologies is high and acceptable to the medical community.

In one aspect, the invention provides a method and system to design and evaluate the potential
performance and/or clinical application of medical devices, such as in cardiovascular treatment methods.
The design and evaluation process is based on a quantitative analysis of volume-rendered images of a body
cavity or lumen of a specific patient. A geometric model of the cavity of lumen is
30  obtained from this analysis and a system comprising one or more knowledge bases is used to derive the
geometry, topology, and physical properties of the device from this model. Physical properties of the
body cavity or lumen (e.g., such as elasticity, wall thickness and the like) also can be used to optimize

device design parameters. Volume images can be obtained from one or more devices



devi ces, ultrasound (US) devices, conputerized tonography (CT) devices,
rotational angi ography devi ces, gadolinium enhanced NI R angi ography devi ces,
or other imaging nodalities. Preferably, the lunen of the patient is a

bl ood vessel. In one aspect, the device is designed for a patient having a
pat hol ogy 5 (e.g., such as atherosclerosis) and the device is optimzed for
maneuveri ng and deploying in a |lunen 3 which has characteristics of the

pat hol ogy (e.g., such as plaque formation). A variety of devices can be

desi gned using t he net hod and systen1disc|osed her ei n. Suitable devi ces
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dlsplayed on an interface of a user device connectable to the network.

Selectable options corresponding to design parameters of the device are transmitted to, and
displayed on, the interface of the user device. Selectable options can include, but are not limited to:

25 selectable buttons, drop-down menus, dialogue boxes, command lines, and the like, which can be used
to select one or more device parameters such as shape, material, flexibility, shape memory,
stiffness, softness, pliability, stability, strength, contrast medium flow rate, length, and size.
Preferably, the system simulates the design of the device based on the one or more selected
parameters. One or more feature operations can be performed to modify a recommended geometry,

30  such as shape sweeping, extruding, holing, braiding, edge rounding and hub construction.

In one aspect, a medical device is designed in segments which are aggregated to provide the final
design of the device. In this scenario, parameters of one or more of the multiple segments can be selected

independently. For example, the system can be used to design a catheter by simulating a



4 plurality of catheter segnments, each segnent corresponding to a different
section of the catheter, such as the catheter's tip, a portion of the
catheter's body, a hook elenent, hub element (e.g., for connection wth a
drug delivery system), or other features which may typically formpart of a
catheter. In one aspect, at least tyo of the segnents being designed have
different material properties. 5 1n a preferred aspect of the invention, the
system simul ates a path which represents at |east a portion of the body
cavity or |unmen and determines fit between the eonetr of the device, and
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relationships between data in the knowledge base and data relating to the images.

In one aspect, the system comprises a device shape knowledge base comprising: a plurality of
geometries for at least one segment of a device; and rules for determining correspondence between a
geometry of the at least one segment and at least a portion of a model of the body cavity or lumen.

25 The knowledge base transmits data relating to the one or more device segment geometries (e.g., inthe
form of a graphical representation of the device) to the user interface upon receiving data relating to the
geometry of the cavity or lumen (e.g., in the form of a graphical representation of the cavity or lumen).
Preferably, the system also comprises a device materials knowledge base comprising a plurality of data
files relating to device materials and rules for determining suitability of a device

30 material for at least one segment of the device.

The knowledge base system also can comprise one or more data files relating to physical

properties of the anatomy of the patient and/or substantially similar patients, or relating to



properties of the anatony of the patient and/or substantially simlar
patients, or relating to 5 data obtained for the patient and/or for a
popul ati on of patients. The system additionally may include one or nore
scanni ng devi ces for obtaining scanned vol une i nages, such as x-ray devices,
MRl devices, US devices, CT devices,_rotational angiography devices,

gadol i ni um enhanced MR angi ography deVvices, and the |like. Preferably, the
system conprises a neans for feature extraction 5 and has anal ysis
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20  function for transmitting the data to the knowledge base.

Brief Description of the Figures

The objects and features of the invention can be better understood with reference to the

following detailed description and accompanying drawings.

Figure 1 is a schematic diagram showing the architecture of the system according to one
25 aspect of the invention. Volume images acquired from MRA, CTA, ultrasound, DSA, or XRA scanning
of a patient are inputted into the system. Different groups of professionals (User A, User B, and User C)

having different skill sets can be involved in different aspects of the design of a device.

Figure 2 is a flow chart showing a method of using the system according to the invention to

design a customized interventional medical device.

30  Figures 3A and B are schematic diagrams of scanned images of a body being used to create a volume
image. Figure 3A shows the collection of a plurality of scanned images. Figure 3B shows how

scanned images can be combined to create a volume image.



i mge. Figure 3A shows the collection of a plurality of scanned i nmages.

Fi gure 3B shows how scanned inages can be conbined to create a vol une
image. 6 Figure 4 is a schematic diagram showi ng the use of a Filtered Back
Projection technique or Arithnetic Reconstruction Technique (ART) in one
aspect according to the invention. Figure 5 is a schematic diagram of a
geonetric nodel of a volune image obtai ned by tubular surface sweeping
according to one aspect of the invention. 5 Figure 6 is a schematic diagram
of a geOITEtrlﬂgmdeda@ﬁerﬁatbt@algfﬁﬂhﬂﬁg@ tmtsabneﬂlltbfyed Batif RbjeaxidnQsthHieeR ng
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15 The invention is>designed to provide more effective mechanical prototyping of medical - - -
devices, particularly cardiovascular interventional devices, such as catheters, guidewires;:balloon
therapy catheters, stents, stent grafts, and vascular occluding devices. The inventron utilizes a
. medical image-based simulation technique for computer-assisted design of interventional:devices-and "
provides a system for implementing the technique. Devices can be used for patient-specific -~ = - '

20  applications as well as for more generic patient population use. RETIENRRSTTIS
Definitions

The following definitions are provided for specific terms which are used in the following

written description.

As used herein, "a volume image" is a stack of two-dimensional (2D) images (e.g., of a body

25 cavity or lumen) oriented in an axial direction.

As used herein, a device for "accessing a body cavity or lumen" refers to a device which can
be maneuvered in the body cavity or lumen. "Maneuvering" refers to the ability of at least about 50%
of the external surface of the device to fit within a cavity or lumen while retaining rotational or

forward translational freedom of movement.



7 As used herein, an "interventional nedical device" includes a device for
treatnent (e.g., stents, stent-grafts, balloons, coils, drug delivery
devices), for diagnosis (e.g., imging probes), and for placenent of other
medi cal devices (e.g., guidew res). Sone devices, such as catheters, can
have multiple functions. In general, the ternms "an interventional nedical
devi ce" and "device for accessing 5 a body cavity or |unmen" are used
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20  possible answers to a question by a user. More pre’férably, an expert system also comprises a cache
or dynamic memory for storing the current state of any active rule along with facts relating to

premises on which the rule is based.

As used herein, "a physical property” refers to a property which relates to the structure or
anatomy of a body cavity or lumen which is measurable, generally without the aid of a labeled
25  molecular probe; for example, physical properties of a blood vessel include, but are not limited to:
elasticity, thickness, strength of ventricular contractions, vascular resistance, fluid volume, cardiac

output, myocardial contractility, and other related parameters.

As used herein, a pathology "affecting the structure of the body cavity or lumen" is one which

measurably alters at least one physical property of the body cavity or lumen.

30 As used herein, "a segment of a device" is a representation of a three-dimensional portion of a

device (which may be graphical or in the form of data points). Generally, the dimensions of a



8 segnent are defined by a user. Cenerally, the dinensions of a segnent are
scaled to the standard size of commercial nedical devices. For exanple, a
segnent can have a cross-sectional outer dianmeter of about 3 mMm As used
herein, a "segnment which corresponds to a portion of a device" is a
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sane scale as the portion of the device. As used herein, "obtaining a
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herein, "within scanning distance" refers to a distance which is close

enoul%h tot h?ﬂxs used herein, to "determine the fit between the geometry of the device and the geometry of
the path” refers to displaying a representaﬁon of at least a portion of the device and simulating its

- placement within at least a portion of the body cavity or lumen.

As used herein, "a feature operation” is an operation to modify a shape parameter of at least

one segment of a virtual representation of a device.

20 As used herein, a "device parameter” refers to a physical property of a device, e.g., such as

flexibility, memory, material, shape, and the like.

As used herein, "a physical model of a device" is a combination of the recommended
geometrical model, topology, and material. It is also the basis for making the first design of a

medical device based on patient-specific data.

25 As used herein, a "software suite” refers to a plurality of interacting programs for

communicating with an operating system.

As used herein, "coupled to" refers to direct or indirect coupling of one element of a system to
another. An element may be removably coupled or permanently coupled to another element of the

system.



mani kin to permt display of an inmage of the sinulated body cavity or |unen
on the scanning display of the system As used herein, "a re-configurable
control panel"” refers to a display interface conprising one 5 or nore

sel ectabl e options (e.g., in the formof action buttons, radio buttons,
check buttons, drop down menus, and the,like) which can be selected by a
user and which can direct the systemto performoperation(s). Preferably,
the one or nore options can be selected by touch. The control panel can be
nodi 1 ed by & UsSholf doity .Aoe/c MHPJ R e RLEGIAT. Hofih %ers the
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20  be in the form of an action taken by the system or component of the system.
As used herein, "deployment of a balloon" refers to either inflation or deflation of the balloon.

As used herein, a pathology "affecting the structure of the body cavity or lumen" is one which

measurably alters at least one physical property of the body cavity or lumen.

As used herein, "a physical property” refers to a property which relates to the structure or
25  anatomy of a body cavity or lumen which is measurable, generally without the aid of a labeled
molecular probe; for example, physical properties of a blood vessel include, but are not limited to:
elasticity, thickness, strength of ventricular contractions, vascular resistance, fluid volume, cardiac

output, myocardial contractility, and other related parameters.

As used herein, "clinical data" refers to physical, anatomical, and/or physiological data
30  acquired by medical image modalities such as X-ray, MRI, CT, US, angiography, video camera, or by

direct physical and/or electronic measurements.



a sinul ated nedi cal device refers to one which requires the m ni num anount
of deformation in the sinulated surgical process that takes into
consideration the patient-specific vasculature and conposite materials of
the device. 5 As used herein, an "FEM engine" refers to a program or set of
prograns for performng finite elenentjganal ysis focusing on vascul ature
finite el ement nodels and analysis of the interaction between vascul ature
nodel s and devi ces. System Conponents The invention provides a system for
desi gni ng a nRAUk&HereHEV 68t fi0be REELSSNNM e pRAGY: CBMIThYA b)Y Nty HIBRAARg 2
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PC or | BN cgﬁﬁ%??l%)tﬁreetrﬂgd%}sggsa r%?’er ably, the system conprises a processor
(e.g., as CPU), nenory, graphics adaptor, printer controller, hard disk and
cont r ol | stemigampenentint rol | er, and the |ike. 20 The processor should conprise
a mnimum of about 8 MB of RAM Preferably, the user display interface is
part of a nodft srewipngroyidesaorypentfatdeasigniae r siFBiadgYichionaeessmgd bodptavnal |y,
pri nfeer Andhdlor 2 SERANI 1Y KMl Ealso PasVigR M IMALEsidhtih Qe i& &ONPr i ses
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Fi gures lél'g\vﬁggeb%@ nd AL 0S4 It{) ﬁgqggl%@l 30 scanners can produce these axi al
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Sui t abl e scanni ng devices include, but are not Iimted to, x-ray devices,
magneti c r esARafiEem dpemtss Ay MENRIOS 2 defpyaEestite flat PRESUEHPE 2(eByal getppgeecgmputer

conmput erd,zed atf@mgﬁﬁipé%pﬁggn dd8% CP?@fcraEl?,ttﬁé é}@@ﬁl c01]r1¥)rises a processor (e.g., as CPU),

memory, graphics adaptor, printer controller, hard disk and controller, mouse controller, and the like.

20 The processor should comprise a minimum of about 8 MB of RAM. Preferably, the user display
interface is part of a monitor which is connected to a keyboard, mouse, and, optionally, printer and/or
scanning device. The software suite of the system comprises a program (e.g., a C language program)
which controls the system's user interface and data files and one or more sets of knowledge bases,

allowing various components of the system to interact with each other.

25 Geometric Modeling System

In one aspect, optical data relating to the internal contours of a body cavity or lumen are
obtained and provided to the device simulation system. Generally, a stack of two-dimensional (2D)
images 1s collected by a scanning device in an axial direction and is used to form a three-dimensional
(3D) structure or volume image (see, e.g., as shown in Figures 3A and 3B). Almost all medical

30  scanners can produce these axial images or can produce images that can be converted easily to axial
images. Suitable scanning devices include, but are not limited to, x-ray devices, magnetic resonance

imaging (MRI) devices, ultrasound (US) devices, computerized tomography (CT) devices, rotational



angi ogr aphy devi ces, gadol i ni um enhanced MR angi ogr aphy devi ces, or other
i magi ng nodalities. For exanple, rotational CT scanners capture patient
data in the formof projection imges. By using a Filtered Back Projection
techni que or Arithnetic Reconstruction Technique (ART), volumetric imnages
can be constructed. This nethod is illugtrated in Figure 4. 5 The system may
be directly connected to the output of one or nobre scanning devices, e.g.,
receiving optical data from such devices as these are acquired. However, in
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the sanple points which are then accumulated into final pixel colors (see,
e.g., Kaufman, In Volunme Rendering, |IEEE Conputer Science Press, Las
Alam tos, CA, 1990). Real-tinme volunme rendering with hardware 25 texture
mappi ng ( e. gIn crS@Eny afgesmdiii Hoql af 4 mdmc@wtyvurﬂnkmdhc(agdsmaada meocgve,sselm 4 su¢bi shi
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arious imagin rocessi ng tasks, as e_known in t art,. can performe
byt he sy r i B EEERsng © BRRunfer i SRR i PP e p R Ty oved
al gori t hyagerd éinganad@edur f aci ng or vol une-rendering techni ques to visualize
vascul ar trees also can be used and have been described in Ehricke, et al.,

Conputer & G’Valf')ume rfllgieméég th 3%55 suzclggéf:a} gqgtlg%andl prr]g ectidh techQues plavwbrggglonzﬁly

Resonance Inag Pres's
20  been used in the visualization of volume images. Ray casting methods shoot rays through a volume

object from each pixel in an image and employ algorithms that trilinearly interpolates samples along
each ray, providing complex shading calculations and color assignments at the sample points which
are then accumulated into final pixel colors (see, e.g., Kaufman, In Volume Rendering, IEEE
Computer Science Press, Las Alamitos, CA, 1990). Real-time volume rendering with hardware

25  texture mapping (e.g., SGI) for UNIX platform or with board card (e.g., Mitsubishi VolumePro) for

PC platforms are commercially available.

Commercially available image processing tools, such as Photoshop™

can be used to manually
draw out the shape of the structure from each scanned image. Various imagiﬁg processing tasks, as
are known in the art, can be performed by the system; for example, segmentation can be used.

30  Several improved algorithms using iso-surfacing or volume-rendering techniques to visualizé »
vascular trees also can be used and have been descnibed in Ehricke, et al., Computer & Graphics
18(3): 395-406, 1994; Cline, et al., In Magnetic Resonance Imaging (Pergamon Press) 7: 45-54,

1989; and Puig, et al., Proc. Of Visualization '97, pp 443-446, for example.



1989; and Puig, et al., Proc. O Visualization '97, pp 443-446, for exanple.
12 Projection-originated nethods reconstruct 3D geonetries fromtwo or nore
i mges (See, e.g., Solbach, et al., Conputer Bionedical Research 27(3):
178-198, 1994; Nguyen and Skl ansky, |EEE Transactions on Medical |naging
13(3): 178-198, 1994; Longuet Hi ggens, Nature 293(10): 133-135, 1981).

Thi nni ng nmet hods such as "active-cont od? "medi al axis transformation”, and
“sinulated 5 anneal ing", and the liKke, can be enpl oyed to determ ne
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Tr ansac ttoraednarncBnostdeinclahg Eapésneeri ng 40(J: 482-491, 1993), constructive
aI gorithm; for segnental sweeping and bifurcation blending can be designed
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Sscul ar Net wor
segments and bifurcations. Ideally, a vascular model should be v1sua11y smooth and the detail of the

display should be adaptable to fit application requirements. In one aspect, a constructive approach is
used to model visually smooth vascular networks. In this approach, vascular segments are modeled
using sweeping operations while vascular bifurcations can be modeled using blending operations (i.e.,

25  sweeping plus hole-filling operations) (Gregory and Zhou, Computer Aided Geometric Design 11:
391-410, 1994; Ye, et al., Computer Aided Geometric Design 27: 875-885, 1995). Based on GC
conditions for boundaries and cross-boundary derivatives (see, e.g., Schreiner and Buxbaum, /EEE
Transactions on Biomedical Engineering 40(5): 482-491, 1993), constructive algorithms for
segmental sweeping and bifurcation blending can be designed as described in Cai et al.,

30  "Constructive Algorithms for GC1 Generation of Vascular Network," Submitted to [EEE Biomedical

Engineering, March 2001. See, as shown in Figures S and 6.

Yet another method of obtaining a volume model or a geometric model of a body cavity or
lumen i1s the technique of volumetric meshing. Meshes which represent a 3D or volumetric form can

be generated from scanned 1mages using a standard Windows operating system such as NT. Software



Engi neering, March 2001. See, as shown in Figures 5 and 6. Yet another

nmet hod of obtaining a volune nodel or a geonetric nodel of a body cavity or
| unen is the techni que of volumetric nmeshing. Meshes which represent a 3D or
volunetric formcan be generated from scanned i nages using a standard

- Wndows operating systemsuch as NI. Software 13 for generating 3D nesh

i mages are commercially and publicly avidi | abl e. Sources for such software
are described at
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tangent, normal and bi-nornmal defined along the trajectory of the curve.
Assum ng r (t Puifgeaweapmmgoua péwritd ioohfodekitmgdutiedike hkapes, as ssimektingiadd pl ane

Caopi ng ST AhEtAn B kel FGRE ey R DR AU EFRELY Ry +si no
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Ber| i()n ' r%grgs%ht t%ceet;lgal(%rajie%togyhoer p%{h.o%i-th Y (1) representing any of G' paths, a local coordinate

system (T (), N(¢), B(¢)) can be defined along the curve (see, e.g., Figure 5). This triplet (T (¢), N(¢),

B(#)), also known as a "Frenet frame", is the tangent, normal and bi-normal defined along the

trajectory of the curve. Assuming r(?) is a contour function defined in the cross-sectional plane

perpendicular to the curve at a given point along the trajectory, the sweeping surface can be

25  represented as

I'(¢, 8) =y(6)*+r(t) (cosf N(¢)+siné B(?)),
as described by Piegl and Tiller, In The NURBS Book, Springer, Berlin, 1995, where & is the cross-
sectional angle and ¢t /0, 1] is a parameter defined along the curve. A bi-cubic Bézier form for the

sweeping tube can therefore be developed using a tensor-product of)eration (see, e.g., Piegl and Tiller,

30 1995, supra).

To model bifurcation, the same sweeping operation can be applied. In order to avoid self-
intersection, only half of the tubular surface can be used (Figure 6). This, however, leads to missing

two triangular patches (front and back) at the joint. Bifurcation modeling therefore requires triangular



sectional angle and t e[O 1] is a paraneter defined along the curve. A

bi -cubi c. Bezier formfor the sweeping tube can therefore be devel oped using
a tensor-product operation (see, e.g., Piegl and Tiller, 30 1995, supra).

To nodel bifurcation, the sane sweepi ng operation can be applied. In order
to avoid self- intersection, only half of the tubular surface can be used
(Figure 6). This, however, leads to mgging two triangular patches (front
and back) at the joint. Bifurcation nodeling therefore requires triangul ar
14 hole filling. An analytic approach described in Gegory and Zhou,
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Two %ri%ﬂgggar hol es are forned by three surrounding sem -tubul ar surfaces.
Each“hol'e™ ' Ts initially "filled" with three bi-cubic Bezier patches using
the nethod described in Gegory and Zhou, 1994, supra. (iii) The boundaries
of the sen -fiubulfabifigcatibacdsstaeesrattbngedetiog tueerstinc uBalzi serfadeo imhi-cibie

nodi ficati ons ar%ydet rmned fromthe cross-boundary tangential continuity,
twist- conpatibi Iy @A0 uni que existence of tangent planes at hol e coners.
(iv) Three sem -tubul ar surfaces are then degree-elevated into quintic

Bezi er patch@s anovo tmemtufar baedms Edmehbit thee neveuhding sdyuitmigdar isefacesT Bechieig r ow
of control poi nt s O}ctiahheﬁl 68]' Sith Oe%:%?—%ﬁgiceé 'z%repatm?glufslngﬁeace%%%d esncglbg i-t]‘lo ensure
.that the sem -tubul'ar surtaces having cubic cross-bﬁund%ry erlvé{lves

“al ong the hol e bduegbay aelsZho(v)99q kepeect or - val ued cross-boundary derivative

inaquintic formalong the hole boundaries is generated for the filling
hol e pat ches,....20 [ ’ ' it - -at i ddl e
poi nt of the”Barg&é?éfﬁgﬁgggb%s?ﬁgﬂggégggvg%%ﬁ§@%%%%$?®§P%§ga%ﬁgég?ggtndary

derivati ves. The mzid#rcaliomes: detedminkdfrom the cross-boundary tangential continuity, twist-

compatibility and unique existence of tangent planes at hole comers.

(iv)  Three semi-tubular surfaces are then degree-elevated into quintic Bézier patches and
15 modified based on the new hole boundaries. The next row of control points of the hole
boundaries are modified accordingly to ensure that the semi-tubular surfaces having

cubic cross-boundary derivatives along the hole boundaries.

(v) The vector-valued cross-boundary derivative in a quintic form along the hole

boundaries is generated for the filling hole patches.

20 (vi)  The hole boundaries are split into two at the middle point of the parameter, so are the
associated vector-valued cross-boundary derivatives. The star-lines and their
associated vector-valued cross-boundary derivatives are degree-elevated to quintic as

well.

(vil)  Three final filling rectangular patches are generated based on the updated starlines, -
25 split hole boundaries, and the vector-valued cross-boundary derivatives along the star-
lines and the split hole boundaries. The remaining 3x3 interior control points are
determined by taking a Coons-Boolean sum approach as described in Ye, Computer

Aided Design 27: 875-885; 1995.

From the segmented medical images, a central line model of a vasculature can be constructed.
30  This model is represented in hierarchical structure consisting of vessel topology (using a parent-child

relationship to represent the topological connectivity among a list of a vascular segments), vessel



associ ated vector-val ued cross-boundary derivatives are degree-elevated to

quintic as well. 25 Three final filling rectangul ar patches are generated
based on the updated starlines, split hole boundaries, and the:
vector-val ued cross-boundary derivatives along the star- lines and the split

hol e boundaries. The remaining 3x3 interior control points are determ ned
by taking a Coons-Bool ean sum appr oach lds described in Ye, Comput er Al ded
Desi gn 27: 875-885; 1995. Fromthe segmented nedical images, a central ‘line
nodel of a vascul ature can _be constructed. 30 This_nodel is represented in
hi er ar c HCRRFISEPUE PaFEe oD <nfl eSS malmelerralp dihe g madel ¢fghearepssisanter hi | d
rel ati ongtnPnlc@dheRH 88 efRlced R it ORBIOGY. C*aisuaq%a&%éswsfaymmegeﬁp oyﬁ% of a
vascul ar segnents) vessel 15 geonetry (coordinates and radii), vessel
mat er i al OPpTABYRSI kY SWeRRWE3M MsRring. oF varisEonsk gwdtlingiagprotrlrs impiamenisdferct ed based
on the cve,@éumlre Ldoh@ng e RABEY, taoev(i)fssua'l métHPcP*s*Pfﬂ%?rdv?de?ﬁQl gﬁﬁqn PYanGHPLAYI Ng
operations |ike sSweeping an Bl endi ng. A vari ational no i ng aBpFoach is

i npl eﬁnerﬂtredmfeowhm}@momgun%ldsé@némdsmeaﬁme@dwambzgewdcf cenehmedifitiod i s t hat
it provi i Yy, in changing 3D 5 structure. Were a pathology is
|dent|f|ag In%?éegé%&rﬂéﬂy a vascul ar nodel can be nodified to account for
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| i ke. These events can usi ng t he ati stem

nspect, ACGGIGPRATTUR AL SEbt WHT e R R R S Bt AP R om
hi er ar chitesd evedibcanaRtnioakled Lsiey O iadulation earsat ruct a 3D nmodel . This 3D nodel
can be used to nodel |inear deformation, |inear forces, non-Ilinear
ggfo(r)r;{r?;[ ICOPTD érg‘ Fr%l np())egtég (c:lc?f ara 1for? Il’aw1 a?p-m:g 1P eolm% In?o%e %btaqﬁlegd%o%%@grrz}rclh?émp

Mal | B di genedl lia¢ mpdel to cohﬁtuhemﬂ]) mbaél thaQDngochhchn\blesamdno 6(02e131)1ear2!619fr2289n, 1996

0 Compuati Bt "Ry e o6 et AR T s Oﬁff%%a%%%&fﬁ%é? ods,
Carrbrl d geotdatirv @foséltiy/destresss in, f«hmmpigwaxﬁneglaa,m@%’ 1906, Maksd| étes £t al., Int.
J Mis. 2j%athematzcal Imaging and Vision 6(2-3): 269-289, 1996, Caselles et al., Numerische mathematik 66:
1-31, 1993; Osher and Sethian, J. Computational Physics 79: 12-49, 1988; Sethian, In Level Set
20  Methods, Cambridge University Press, Cambridge, England, 1996, Caselles et al., Int. J. Vis. 22(1):
61-79; Kichenassamy et al, Proc. 5 Int. Conf. Computer Vision, pp. 810-815, 1995).

Knowledge Bases

Preferably, the system comprises an expert system (e.g., such as Nexpert Object, available
from Neuron Data, Inc. of Palo Alto, Calif)). ). The expert system provides a program for applying

25  the rules of one or more knowledge bases to data added to or stored within the knowledge base(s).
This enables the knowledge base to be a dynamic component of the device simulation system which

can be queried and which grows as it is queried and as new facts are provided.

Preferably, the expert system comprises an inference engine which enables the system to
manipulate input data from a user to arrive at one or more possible answers to a question by a user
30  (e.g., one query might be to identify a suitable catheter material for a device or device segment

navigating a portion of a blood vessel with a selected elasticity). More preferably, an expert system



61-79; Kichenassanmy et al, Proc. 5t' Int. Conf Conputer vision, pp.
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20 In one aspect, the device shapes database comprises curve shapes for commonly used
guiding and diagnostic catheters, along with information on the vasculature and pathology with
which they will interact. Based on the input vascular model (e.g., provided to the system from a
user A), the system will display one or more shapes of a catheter to be used on the interface of the

user device. The user can select one of the curve shapes from the recommended list.

25 ‘ Aspects of geometry which can be described in the knowledge base include external and
internal diameters and length. Intemnal diameter of a catheter can be specified either by actual
diameter (in thousands of an ich) or by the maximum diameter of a guidewire (in millimeters) which
can be passed through the catheter. External diameter is generally expressed in French sizes, which
are obtained by multiplying the actual diameter in millimeters by 3.0. In one aspect, rules for

30  determining correlations between wall thickness and catheter properties, such as contrast flow rates,

are stored in the database. French sizes from 5 through 8 are commonly used for diagnostic

angiography.
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nyl di, Péeklicnguel) aspethetholehé (FaDi pohairetivae B85, nyitne Tekin@randsambnaias thereaf. ar
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properties pliabrlity, torq rty, ape nmenory. For exanple, PE and
PU i nparropeieyplaibilitie taquealwhiayr acitsbapestdmesy.t 0 a catheter. Both are
thernoplastic materials. PEis relatively resistant to the softening effect

of radi oopaqps: eﬂ?xﬁ;ﬂé,iP@l and lPwtimpart very different characteristics to a catheter. Both are
' thermoplastic materials. PE is relatively resistant to the softening effect of radioopaque material, but
20  can be softened by heating to allow reshaping for special tip configurations. PE is more easily
extruded over other catheter layers. Due to its heat instability, PE must be gas vsterilized, while PU,
being less resistant to heating, is reported to provide a catheter with better memory and yet is a softer
material due to more random molecular alignment. This softness is particularly desirable at a

catheter's tip to reduce risk of arterial trauma during selective positioning.

25 Additional facts relating to catheter design can be stored in the materials knowledge base or in
additional knowledge bases. Design parameters which can be selected include: axial or torque control
(ability of the catheter to transmit rotational forces from the end of the catheter to its tip); forward
motion control (ability to directly transmit force from the hub of the catheter longitudinally to its tip);
maneuverability (ability to advance a catheter around sharp bends); flexibility (bendability on contact

30.  with a resistant surface); memory (ability of a catheter to recover and maintain a specific
configuration after insertion and guidewire removal); stiffness (ability of a catheter to resist bending

against flexibility);. softness (ability of a catheter to easily bend, incorporates flexibility and implies
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physi calaspect, the property of elasticity can be established from the relationship between image density
| (determined from a volume image) of a portion of a body cavity or lumen and the stiffness of a

particular tissue. In another aspect, the diameter of a cavity/lumen can be determined.

For example, plaque can be distinguished from vessel walls by evaluating the image intensity
" 25  ofavolume image. Preferably, as volume images of body cavities or lumens are acquired from
patients having a disease, data relating to these images are provided to one or more of the knowledge
base systems described above. Preferably, the knowledge base system(s) include data from images
are obtained from patients having atherosclerosis, coronary vascular lesions, carotid bifurcation
stenosis, carotid bifurcation stenosis, abdominal aortic aneurysms, peripheral vascular disease,
30  cerebrovascular disease, cancer, trauma, and congenital malformations that may cause or display

vascular manifestations, and the like.

Quantitative measures of a pathology can be obtained. For example, a quantity module which

1s part of the system can be used to measure the size of a blockage (e.g., a plaque). Based on such



and/ or biological properties of the body cavity or lunmen itself. Facts
within this "vascular material know edge base" can be derived in part from
the geonetric nodeling armof the device sinulation 20 systemas well as
from public databases (e.g., such as PubMed(D) (see, as shown in Figure 1).
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pr Obzl EM e AN arg then joined together to form a mesh, connecting at nodes or shared lines. Parameters such
as deformation forces and torques, temperature distributions that causes thermal expansion and stress,
can be applied directly to nodes or to elements with appropriate commands (e.g., by selecting
selectable options displayed on the interface of the user device or by inputting variables into a
displayed command line). For instance, flexibility of a segment corresponding to the tip of a
25  simulated catheter can be tested with an embedded FEM engine, over a range of different materials.
Additionally, the engine can be used to provide a quantitative measure representing the interaction

between a catheter and another device such as guidewire

Based on available information from analysis of volume imag‘es of a patient's body cavity or
lumen, clinical input, and the user's selection of geometry, materials, and other design parameters for

30 the simulated device, the system reports intermediate results (e.g., proposed simulations) to the user
that eventually led to proposed solutions and confidence measures (e.g., simulations of devices which
are predicted to be able to navigate and function optimally in the body cavity or lumen of the specific

patient). Confidence measures represent the system's assessment of how good the proposed solutions



review results of nodified paraneters on device design. Qutput can be

di spl ayed and/or printed. FEM breaks down the sinul ated device's structure
into sinple segnments such as bl ocks conprising nodes. El enents such as
shells, solids, bricks, or beans also can be used. The behavior of an
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‘I nputt edhape knowledge base, the main action performed by the system is to try to determine whether a

particular device shape may be used based on the captured information relating to the patient's body
cavity or lumen. Preferably, the inference engine of the expert system controls its searches based on
25  information specific for the patient. For example, if a stent is intended to be used in the patient's

brain, the system searches parameters relating to only very small stents.

Similarly, in querying the device materials knowledge base, the main action performed by the
inference engine of the expert system is to try to determine whether particular device materials should
be used based on the available information relating to interactions between the materials and

30  particular body cavities or lumens (e.g., such as blood vessels).

In general, goal-driven searching is preferred because it is directed towards either confirming
or rejecting a particular hypothesis, and it causes the reasoning displayed on the user interface to

appear more focused and logical. This also builds the user's understanding and confidence in the



into the systemby the user to directly nodify a sinulated device or to
provide facts to the shape 15 know edge base for consideration. The system
can then recommend these paraneters to create new sinulations or to nodify
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tip, hook, shaft and hub, each of ch can be j ol ned along t he

Iongitudinal axis of the device. The body of the cafhete
The inner layer of the catheter generally provides a smooth surface throuDh which guidewires,

20  contrast agents, therapeutic drugs and devices can be passed. Properties of the overlying layer (e.g.,
thickness and/or density of braiding} determine such parameters as stiffness and torque control of the
catheter. Thinner walls generally allow high flow characteristic but provide less torque control and
strength. If thinner walls are desired, braiding can be incorporated into the inner layer and the overall
number of layers of the device can be reduced. Use of a nylon layer or core can impart stiffness to a

25  heat-resistant catheter.

Components of the external layer are also important determinants of catheter performance.
For example, the external layer must be impregnated with a radioopaque material such as barium or
bismuth to provide the catheter with radioopacity for easy fluoroscopic visualization. This process
may soften the catheter material and may produce fine pitting of the surface of the catheter, leading to
30  increased thrombogenicity. To compensate, radioopaque materials may be mcorporated in the middle
layers of the catheter, or a coating of silicon or non-thrombogenic material may be applied to the

outer catheter surface.



is generally straight over nost of its |length and may have a different
configuration at the tip. In nulti-layered catheter designs, one tube is
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i ndependent | /y The
tip and/or hub de51gn, providing injection ports or otherwise tapering the contours of the device to

accommodate a portion of a patient's body cavity or lumen. An edge rounding technique with
constant radius is used to construct a tip feature that may provide safe access to the blood walls.
Because the flexibility of a catheter largely relies on corewire design and the material used, a

25  sweeping operation can be used to describe a corewire incorporated into the device. This operation
consists of combining circular motion and axial motion of a cross-sectional circle along a helical
control curve. The helical control curve of the corewire is conjugated to the central curve of the

simulated device.

Similarly, holes or ports can be simulated in the device by cutting cylindrical objects off the
30  simulated device at user-specified points along the central curve and in given directions. For
example, a catheter tip may have single or multiple side holes (e.g., through holes, blind or spiral

styles). The presence of side holes allows for increased volume or rate of radioopaque dye injection



surface geonetry of a catheter is then constructed one piece or segnent at a
time, by sweeping the variable profile paraneters along the snoboth central
curve. A sinul ated device can be reconstructed froma series of surfaces
(e.g., 4-node elenents) or bricks (e.g., 8-node elenents) and then physi cal
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20 database and the user can query the system to recommend a simulation with a low tendency to

cause arterial injury. Additional information could include specific examples of pre-existing

patient anatomical irregularities other than the primary lesion to be treated, e.g., such as sharp

angulation of a vessel proximal to a lesion, or an abnormal but not pathological narrowing of a

- vessel.

25  Simulation-Based Design

In a preferred aspect of the invention, the system simulates a path which represents at least a
portion of a patient's body cavity or lumen and determines fit between the geometry of the device
(with or without functional and information attribute layers) and the geometry of the path. The
system simulates the design of the device in stages; first providing a simulation based on optimal
30  shape (e.g., using the device shape database), then optimal function, then optimal information

parameters.



10 Modifications in catheter design allow for the device to perform
speci ali zed functions such as stent and coil delivery, angioplasty and

ot her interventional procedures. In one aspect, nodifications in a device
sinmul ation represented on the display of a user device of the systemare

obt ai ned by perform ng feature operatigns such as shape sweeping, extruding,
hol i ng, braiding, shelling, hub construction, and conbinations thereof. 15
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20  lumen represented by the system, and a user can select one or more of a plurality of selectable options
displayed on the interface of the user device, to alter one or more device parameters. The system can

then modify the simulated devices according to the one or more parameters selected and display one

or more of a new ranked set of simulated devices. As described above, the system also can display

the list of rules being used to identify one or more simulated devices as optimal.

25 During navigation of the virtual device, the device may need to be modified in an iterative
way. Users are able to interactively change the material property and device shape of the devices in
order to achieve an optimized solution through the user display interface of the system which presents
selectable options, such as check buttons, drop-down menus, command lines, dialogue windows, and
the like. Upon selecting one or more selectable options, one or more design parameters are changed,

30  and anew device is simulated. Multiple medical devices can be modeled on each other. For
example, virtual stents, balloons and stent-grafts, etc., can be modeled on top of a virtual catheter.
Processes of virtual stenting, ballooning or stent-grafting can be simulated to obtain virtual device

configurations that are compatible with a newly designed virtual catheter.



10 generate a nunerical path that is forned by an FEM cal cul ati on

i npl enented by the sinulation system The device sinulator systemw |
recommend or nodify material properties of the vi rtual catheter based on
this FEM anal ysis, using material properties stored within the device
materials know edge dat abase, preferabjsy in conbination wth know edge in
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20  insertable into a simulated body cavity or body lumen in a mamkm The manikin comprises an
interface for receiving the portion comprising the second end and for interfacing with a simulated
body cavity or lumen within the manikin. The interface also comprises a directional force feedback
mechanism for exerting a directional force on the candidate medical device in response to a feedback
signal received by the force feedback mechanism. This provides a user with a feeling that he/she is

25  interacting with a real patient. Preferably, the directional force feedback mechanism provides

resistance to forward motion but enables reverse motion in response to the feedback signal.

In one aspect, the directional force feedback mechanism comprises a rolling element (e.g.,
such as a shaft) coupled to the portion of the candidate device comprising the second end. An internal
surface of the simulated cavity or lumen in the manikin in turn comprises an oblique slot for receiving

30 therolling element. In response to a feedback signal, forward movement of the second end causes the
rolling element to be received by the slot, causing resistance to further forward motion. Preferably, a
motor, such as a servo motor, controls movement of the rolling element. In a most preferred

embodiment, the interface comprises both a directional force feedback mechanism and a tactile



Variability encountered in normal patient vascular anatony as well as in

pat hol ogi es, often presents difficulty to physicians when choosi ng an

i nterventional device for diagnostic or therapeutic 10 procedures, such as

catheterization. The invention further provides a sinulation systemfor

simul ating the anatony of a specific pagient on which the device will be

used. This can be realized by performng virtual device navigation inside a

simul ated body cavity or lunen using an incremental FEM engine. Such a
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system to track the movement of two or more medical devices, for example, a catheter and guidewire,

independently.

The intervention simulation system further comprises at least one first user device connectable
25  to the network. The first user device comprises a first display interface for displaying a three-
dimensional representation of a simulated body cavity or lumen of the specific patient for whom the
candidate device is being designed. The first display interface also displays a three-dimensional
representation of the simulated medical device corresponding to the candidate medical device which
1s interfaced with the manikin. Preferably, the system simulates the movement of the simulated
30  device within the simulated body cavity or lumen in real-time when a first user manipulates the
medical device interfaced with the manikin. In addition to simulating movement, the system can be

used to simulate an operation of a medical device selected from the group consisting of: a surgical
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t he jsredh€rdowdart 6Bed Jﬂtwﬁxaﬁleﬁbnvxay;t&nub@nﬂwubkw PréfBraigifiatitd imig@s Hichk atl ng
novenent, the S\b/sciem can be wused to mgu %}e an o eration of a nedical
devi ce SEIRESPEADY &HY%%]‘QPWEJO’H)H@IGEW e Yaaat%‘z] @i cal 27 procedure,

inflation or deflation of a balloon, injection of a radi oopaque nateri al
into the bodyn fe@pdnteyto nﬁdfrvd:nnifm@lmuamdn taheerlcbﬂKEgainTmarfeﬁhamteB/etdit&llfﬁcﬁﬁd)ﬂsS)lﬁt}ﬁf t he

|ntervent| iLmul atio stem aS|rru at S n for. .displaying
2o arrenRrD e ag e gt a Rt el oty Eaet P B SRR e b o
The scaniefi@tions between a candidate device and the intervention 51rnulat10n system also can be added to

20  the system.

Variations, modifications, and other implementations of what is described herein will occur to
those of ordinary skill in the art without departing from the spirit and scope of the invention. All of
the references, patents, and applications identified above, are expressly incorporated herein in their

entireties.



5 display can be part of a scanning device such as an x-ray inmagi ng system
Preferably, the scanning device and scanning display are coupled to a
novabl e C-arm wi thin scanni ng dig&ance of the manikin. A re-configurable
control panel (e.g., a touch screen) enables the first user to performng
one or nore of. image acquisition selection; inmage display; manipulating a
tabbﬁm&?d@@k&@'the mani kin is placed; manipulating the position of a
scanni hg devicCe relative to the mani kin; and control of one or nore 10
shutter devices for limting a field of view of a scanning device pl aced

wi thin scanning distance of the manikin. The intervention sinulation system
and 1t Hamgiod @ég%ﬂgﬁaﬂs ame@fs@? doyace donageessing abadyavity of lymen of apateint s of both
systeqﬁmgﬁﬁmgpnnectable to the network. In one aspect, both systens are
connectabl e Yo a database of patient inages and/or nedical data. This

dat abase(ayay pioeiding dita cefatingiie adhred-dinetnonkipeorhetdiyeodehsfelse alitytdndunsnnoibat i on

syst em descri bed above. P efergbh%, p@tient i mages inclqde i.mages of a body
cavity or | uMETHOHRASNG 3 kpesHiedseitasvigh Bptem PRIFATBI 48 ¢nalysis yigBRse to

i nterventi on,si{. Waly user can again performiterative nodifications of
t he sinulatggkg%%?ggﬁhgrﬂg t he device simulation system A know edge base
for storimg dbtamingd aedongnendatiomfrematheisgstsmibaseden tle amhdisdttee devi ce and
the intervention simulation.systemal so can be_added to 20 the system

Vari ati ons. SO ERIt R SRS B oF SHE B PORE MR NS Bscr | bed
herein will oggsf to those of ordinary skill in the art w thout departing
fromthe spirit and scope of the invention. Al of the references, patents,
and applications identified above, are expressly incorporated herein in

t hei tireties. .28 t is clai is: 1. A nethod faqr designi
oa el FGTER e digg et windh oM s b vaAogre SapeRrafipued °
conpr i pds8@ompAdingds PkdlityNSf gbdktricafr dt Mhst SheepMEMROTAI JERIE b AllesFBOMEL I'i C

nmodel of the cavity or lunmen to a system conprising a know edge base which
syst enfigennfigingreoragspandengebeiwaen mgeamesry qfrapleastcme gegraent andalpgst 8pedtioni ng a

ol ot | RYTE op RS RTRARPe SR BAL R i AT ook Wik BRQPTTT G

| unen. kibwlddpe basishodnalgeahe progided dafaai m 1, wherein the know edge base is a
devi ce shape knowl edge base conprising a plurality of geonetries for at

| east one segnent of a device and rules for )
3. The method according to claim 1, further comprising obtaining a volume image of the body

cavity or lumen of the patient and generating the three-dimensional geometric model of the

cavity or lumen from the volume image of the cavity or lumen.

4. The method according to claim 3, wherein the volume image is obtained from one or more of :
an X-ray, Magnetic Resonance Imaging, Computer Tomography, rotational angiography,

gadolinium enhanced MRA, and ultrasound.

5. The method according to claim 1, wherein the knowledge base comprises data relating to a

physical property of the cavity or lumen.

6. The method according to claim 5, wherein the physical property is the elasticity of the cavity

or lumen.

7. The method according to claim 1, further comprising displaying the recommendation on an

interface of a user device connectable to network.

8. The method according to claim 7, wherein the recommendation being displayed on the user

device interface is in the form of a three- dimensional representation of the device.



determ ni ng correspondence between a geonetry of at |east one segnent and at
| east a portion of the nodel of the body cavity or |lunen and wherein the
anal ysi s uses the device shape kpow edge bases to anal yze the provided
data. 3. The nethod according to claim1, further conprising obtaining a

vol une i mage of the body <cavity or lunmen of the patient and generating the
t hree-di nensi onal geonetric nodel of the cavity or lunmen fromthe vol une

i magk &he methodwgeardips torclainy Adirther compasing traauniting selgrtable optians gomaspondipger ei n

Recona i SphRR e o RERS 1L B BRI I B fisaRRind PESRIPRET i um

enhanceptidthesgtth. ul t rasound. 5. The nethod according to claim1, wherein
t he knowl edge base conprises data relating to a physical property of the
cavity or lumen. 6. The nethod according to claimb5, wherein the physical
pr opkék The method aceqrding te claim 85 whereindhe/selegtableroptigneare sglected dromethageoudc cor di ng

to claim.Jd,. t b $1.04.,di i he. 0 {:Q/..on an

interf 3gc;:ﬂe5i]s(t)l¥lé gf 'quﬂgée’ g:ga&/?r E:agfsdc%%ﬁlg%fs g%%é&{}gor&eﬁ%lrg%? Wéhé@ftﬁ’od accordi ng
to cl aptability, yheigeh, Bodithadt mediam o adté, denghig isize, dhidsdohibiradomtheteef user devi ce
interface is in the formof a three- dinensional representation of the
device. 29 9. The nethod according to claim?7, further conprising

t r anldniThe method écerdiap ite clojm Polustherorompsising delagingtane de siage opthe selectable of t he
device to the user.device interfac nd displayi.ng the sel ectable options

t her eoftPtort.2ndWhetsin 16 5 erh gt i Oy ofte Ecierbase ok Bede QEmSHs o opt i ons
are sekg@edt&togtionsn t he group consisting of: shape, material, flexibility,
shape nmenory, stiffness, softness, pliability, stability, strength,
contrast mediumflow rate, length, size, and conbinations thereof. 11. The
met hidd The owthdidagedrding ltaickain® 1, Whertinghe deyigeris sdlevtedsfedre ¢hd grguprensstingof 2 of t he
sel ectable options and wherein the system.sinulates th esign of the

dovi ce cHhSe g RSP fhloou BT Hith GRS S BEEBA. accor di ng
to cl akmdobeopehglaphrdsédpR, 4BMInERostSpes 8 ls@igicarddvicem VARuidF SsilusisNdevickel 10 of a
catheter, a guidewire, a balloon, a balloon-inflating device, a coil, a

st ent , opticahprofe.zand 2 dswg delivgosdeyse, a | apar oscope, a bronchoscope, a surgi cal
devi ce, a vascul ar occlusion device, an optical probe, and a drug delivery

?rg\r/ :al%te i]l“g% g@ﬂ&ﬁ%@%&@g ictig a1 %Ir qg \Evgergiln atflen(]ielsig(r)lrof %n20’re than one e\tlicr;ee isd esign of

simulated.

14. The method according to claim 13, wherein parameters selected for one of the devices is based

on parameters of at least one of the other devices.

15. The method according to claim 1, wherein the medical device is designed to access a lumen

which is a blood vessel.

16. The method according to claim 1, wherein the device comprises multiple segments and
wherein the method further includes selecting parameters of one or more of the multiple

segments independently.

17. The method according to claim 16, wherein the device is selected from the group consisting of
a catheter, a guidewire, a balloon, a balloon-inflating device, a coil, a stent, stent-graft, an
endoscope, a laparoscope, a bronchoscope, a surgical device, a vascular occlusion device, an

optical probe, and a drug delivery device.

18. The method according to claim 17, wherein at least one segment is selected from the group

consisting of a tip, a rod element, a hook element and a hub.



sinmul ated. 14. The nethod according to claim 13, wherein paraneters selected
for one of the devices is based on paraneters of at |east one of the other
devices. 15. The nethod according,fo claim1, wherein the nedical device is
designed to access a | unen mhlch Is a blood vessel. 16. The net hod
according to claim1, wherein the device conprises nultiple segnments and
wherein the nethod further includes selecting paraneters of one or nore of
t he HulThe plethodsiegerdimgdo ichaite pénwibereinyat least twolsegmenthbaearcongiinagrielo cl ai m 16,
wherein th% device is selected fromthe group consisting of a catheter, a
QU|demnF§’ ¥5pal | oon, a bal | oon- inflating device, a coil, a stent,
stent-graft, an endoscope a | aparoscope, a bronchoscope, a surgical

devi g#; [aYe ¥ elivery
dovi 2o TS PR A0 RO SRR T Ry e PlterP Rihiefs SHoe Ropr PR #1648 £ Syt

i s sel pottea of thmbadyeaytyerdumenasd whénig thé mathod fyrther contpasestemsystem hook

Fwo. sogentiene e, Bbotvicents st o el W beoel i cor i ng o

claim1l1, wherein the systemsinulates a path representing at |east a
pO”iPrTthmeftlgﬂ ROMMirpY Iclat qrwh?:’éﬁﬂgélﬂféth‘@ﬂ%ﬁﬁé? chf n%yaﬂgrﬁidébg@& r CONpri ses
the system determ nng a besdt fit between the geo of the device and

t he geamwe featuré opdretignaith madify thkhrecorembmdtd@ecmety.ng to claim 1, wherein the
met hod further conprises performng one or nore feature operations to

nodi fy the recommended geonetry. 22. The net hod according to claim 21,
wher%ﬁl 1 he methadeaceprdingte C%aéat?-&r\a,rh@p@rth@ PRARY 1BQTE featyrg Opetions yeselp@edr oup

and nose R aRARRARIRSY Rie SXEPHE AuR i, BERIE Mke S 28 "0

conpr i Subgopauttionm ng a goal -dri ven search of the know edge base to

identify a device geometry which optimally corresponds to the nodel of the

cavi t£/ or lunmen. 24, The nmethod according to claim1, wherein the know edge

bas e23. Aée meshpdaacrending) to ickira fl pfarthencomprising negforming megoghdiivantsearphs of thee nret hod

200" Mihefiofbalk B hent) %/ RlRe GBS ARVbitn SRR dorfeSpdtfEh 7 ekt no Finite
the cavity or lumen.

24. The method according to claim 1, wherein the knowledge base includes clinical information

relating to the patient.

25. The method according to claim 1, wherein the device geometry is determined using Finite

Element Analysis.

26. The method according to claim 7, wherein in response to a query, the system displays a rule

used for making the recommendation.

27. The method according to claim 1, wherein the patient has a pathology affecting the structure

of the body cavity or lumen.

28. A system for designing a medical device for accessing a body cavity or lumen of a patient,

comprising:
a device shape knowledge base comprising;
a plurality of geometries for at least one segment of a device; and

rules for determining correspondence between a geometry of at least one segment and at



26. The nethod according to claim7, wherein in response to a query, the
system di splays a rule wused for making the recomendation. 27. The nethod
according to claim1, wherein theypatient has a pathol ogy affecting the
structure of the body cavity or Tunen. 28. A system for designing a nedical
device for accessing a body cavity or lunmen of a patient, conprising: a
devi ce shape know edge base conpri si ngi: a plurality of geonetries for at

| east tpast agmghemef amodel @é thedwdy gadtyrarilemert.or det er m ni ng corr espondence

bet ween a geonetry of at |east one segnent and at 31 |east a portion of a
node)| t he body cavity.or I n. 29..The systemaccor.ding to cl.aim 28,
ot e he M SE 8 By 280G oaissi N R Gt PLteativing dpip reatig 1
three-ytm&h@ﬂﬁbnﬂg%}ﬁétﬁe%daeldcﬁ*thé)éavhy%_rﬁﬁ%n.ty_ or lumen. 30. The system
according to claim 28, wherein the data is obtained froma plurality of
scanned images of the cavity or lunmen. 31. The system according to claim
30, 3ehEhesystetharconditgetmclaimi28, whensinrthe dith dsobraihdd o @grmialiey of deanned f or

obt ai nj ng the scanned i mages. 32. The system according to claim28, wherein
t he sy%ﬂgﬁﬁ?ﬁp?ﬁ@’ﬂty@ém?nses a user device conprising an interface for
interfacing with a user which is connectable to the know edge base and the
net wqr T t rding. t I 2 el.n t J face

i sptagte SemmSot SRATR, Shiis'Be 65l Heo EhEhb I ) RAHHECT,

syst emi@deddboobigining thd stanheddmagdser ei n the interface conprises fields for
inputting clinical data relating to the patient. 35. The system accordi ng
to claim 32, wherein the know edge base transmts data relating to the one
or A8r Ehelgysiegracsengingrip clpsw @8t whersintthe systenultiether enmeprisaz @ usgsdavieecei vi ng dat a

relating to.the. ry. of the.cavit r . l.umen, .. The . syst em accor di ng
Lo ol aftmesBina o GREIRE Ry ine B hist pBi b ectale 10 P8 KEHIERR B85 ven
geonet sridake h&work .t he form of a graphical representation of the one or nore
devi ce segnents. 37. The system according to claim28, further conprising a
device materials know edge base conprising a plurality of data files

r el 38i The systevheaccemingstv etaim |38, whereinthemtdrface displeysnaptiong forselectarig drietoy of a

devi ce matéari al for, at |east one segnent of the device.
more device parameters.

34. The system according to claim 32, wherein the interface comprises fields for inputting clinical

data relating to the patient.

35. The system according to claim 32, wherein the knowledge base transmits data relating to the
one or more device segment geometries to the user interface upon receiving data relating to the

geometry of the cavity or lumen.

36. The system according to claim 35, wherein the data relating to the one or more device segment

geometries is in the form of a graphical representation of the one or more device segments.

37. The system according to claim 28, further comprising a device materials knowledge base
comprising a plurality of data files relating to device materials and rules for determining

suitability of a device material for at least one segment of the device.

38. The system according to claim 37, wherein the device materials knowledge base further

comprises information relating to the elasticity of the portion of the body cavity or lumen.

39. The system according to claim 32, wherein selectable options corresponding to design

parameters of the device are transmitted to, and displayed on, the interface of the user device



38. The system according to claim 37, wherein the device material s know edge
base further conprises information relating to the elasticity of the
portion of the body cavity or Iungp. 39. The system according to claim 32,
wherein sel ectabl e options corresponding to design paraneters of the device
are transmtted to, and displayed on, the interface of the user device 32
based on the data relating to the geonetry of at |east a portion of the

cavi t ybased butherdatad@latiig to thegeemetry obatdeasya portiohaif the3@yityhelugien. t he

sel ectabl e options are selected fromone or nore of the group consisting
of : shape, material, flexihility,. shap nory, stiffpess,. softness,

pl i 46i Phs gystegy agepiding to lméﬁgwh,erewdﬂ? belactablicontinns meﬂ;ﬁwffxwmre, | engt h,
si ze. I ' 1 ' 7 of the
e Rl o U R S T RS S s
devi ceplmhiity stability stremgdtle ctoatiass mradoms madighuniTher satetlemgthostzer di ng t o cl ai m 37,
wherein the systemsinulates a path representing at |least a portion of the

body cavity or lumen and determ nes best fit betyween the geonetry of the
devidde Thesigtemaecgulingdorclaig 39 waersuy whenpne ormore gkthe selgetalle gptiepsiase ¢l ai m 32,

wher ei g ﬁ{e.sggéﬁ; slngtg{xt'eﬁ ﬁle%ﬁéﬁbm@%eﬁ&@?ﬂie& Bh ﬂgeesgheg%gtdg ond Nterface and

wherei n sel écti ure operation nodifires t at |least a
segnent of the device. 44. The system according to claim43, wherein the

one 4 Th®§ystehPicHfdtngOR el aAhi3TN&hadeR the bRednesimufaten paflerepraemmingin tdasitd ng of
shape sweepi n%,At extrudi ng, holing, braidi nsg, edge roundi ng, and hub
const r peitipp af thedodyrpavityyos fumensandcsictarmies best ibetveen thegepmetry ebtheidewrag an

expert i ifying relationships between data in the know edge
base ah %él?g&ﬁée}fyaéﬂﬁgb%% t he i mages. 46. The system according to claim 27,

further conprising a data file conprising clinical information relating to

t he gpatrh@§stenflaccortin DYHiRBRAGAENH dH dr Moz Blatlire Bperbtibrisieé disPIBRII ohithg @
Finite El enent Analysis engine. 48. A software suite for design of a nedical

devi ceinfesfaceancewherpiy selegiinga featiure gpesstianumedifiesdberghepe ohat leasha segnaant ebnponent
for Stﬁ]{eid@% @ devi ce shape know edge base, the know edge base conprising a
plural Ity of ‘geonetries for at | east one segnent of the device and rules for
determ ni ng correspondence between the geonetry of the at | east one segnent

a”g %%Th@@%ienﬁacc@ﬂ'iﬂé Ot1fth B, GRERRI the 6ndBdRbreqtathRCopaPins &¢isklcted | unen;
an
from the group consisting of shape sweeping, extruding, holing, braiding, edge rounding, and

hub construction.

45. The system according to claim 28, further comprising an expert system for identifying

relationships between data in the knowledge base and data relating to the images.

46. The system according to claim 27, further comprising a data file comprising clinical

information relating to the patient.
47. The system according to claim 28, further comprising a Finite Element Analysis engine.

48. A software suite for design of a medical device for accessing a body cavity or lumen

comprising :

a first component for storing a device shape knowledge base, the knowledge base
comprising a plurality of geometries for at least one segment of the device and rules for
determining correspondence between the geometry of the at least one segment and at least a

portion of a geometric model of the body cavity or lumen; and



a second conponent conprising an executing function for executing one or
nore prograns for determ ning whether one or nore of the geonetries of the
at |east one segnent corresponds;to the geonetric nodel of at |east a
portion of the body cavity or lumen based on the rules for determning
correspondence. 49. The software suite of claim48, further conprising a
second conponent for interfacing with a user device; wherein the second
conponent axeowtidkempenertaompvising o executing fupetionsfor exacuting deg of meteating to a

geonetric el,of at le a portion pf th Vi r Lumen and a

Or ansrirpgeie 1 srBling §Pbe bR P ablneisdSmafsY of M slleeon SR8 0.
The nmejdaeshonds v the Reorhétrie ngddel df, at Masy £pditibmef the bol e obtylr deméniedsedles: (a) a
di agnosti ¢ and pat hol ogi cal information knowl edge base, where the provided
dat a/ the plestendetenniniag ComespeBEsNSt is i nputted into the di agnostic and

pat hol ogi cal information know edge base, (b) a device shape know edge base,
and (.} a device. I C erial .know edge base: erelkn. sai.d nmet hod

Fur (eSS aReS As fThE pPp R R o R en R g i By 1 ca
pr oper ddvies; wierdit theBesdyid aMpdnéntirovide¥Ritetdibval Ractivatfoertrieviap dataieitiigho sai d

obtai ning a recommendation includes: (1) determ ning one or_ nore appropriate
shapesgedmstrigasodghef apieast apogion;of thetbgdy pAvy: erfaren andp transmibng fupdiondqr | unen

usi ng ] i erties of the body cavity or lumen of the
patien aﬁﬁ@%ﬁg&t@g@%@g&rﬁ%g&of t he devi ce shape know edge base, and
(2) determ ning one or nore physical properties aid/ or characteristics of

t he s@deYhe mefidd acBb lainD1t he body cavity! lumen using facts and rules of
mechani cs and physical properties of the body cavity/ |unen being targeted
of the deyi .cal | .knowl edge base. 51. The method according to
claim1l, %ﬁ%ﬁ‘éﬁ%ﬁ@%ﬁ%@&&?‘ghw i ncludes: (a) a diagnostic and

pat hol 0g(a)aldiagndstic amd pathvldgianinfrgeatidndsewledbetBe, twherqthe piosidd dai/a/

information for the patient is inputted into the patient specific diagnostic
and pat Hsfoagatienfor thepabientds mpited Wgatheghagnpsis and pasholagicpd informatiolhpe know edge
base; aqglowf@rﬁgibgserret hod further includes analyzing the provided data and
det er m ni ng e physical properties of the body cavity or |unen of the

pat i ent ; (baddevdek shape knowledge base, and
(c) a device physical material knowledge base;

wherein said method further includes analyzing the provided data and determining the
physical properties of the body cavity or lumen of the patient; and
wherein said obtaining a recommendation includes:

(1) determining one or more appropriate shapes and designs of the device for placement
in the body cavity/ lumen using the determined physical properties of the body cavity or lumen of
the patient and using facts and rules of the device shape knowledge base, and

(2) determining one or more physical properties aid/ or characteristics of the device for

placement in the body cavity/ lumen using facts and rules of mechanics and physical properties

of the body cavity/ lumen being targeted of the device physical material knowledge base.

51. The method according to claim 1, wherein the knowledge base includes:
(a) a diagnostic and pathological information knowledge base, where the provided data/
information for the patient is inputted into the patient specific diagnostic and pathological
information knowledge base,
(b) a device shape knowledge base; and
wherein method further includes analyzing the provided data and determining the

physical properties of the body cavity or lumen of the patient; and



wherein said obtaining a recomrendation includes determ ning the appropriate
shape and design of the device for placenent in the body cavity/ |unen
using the determ ned physical prgperties of the body cavity or lumen of the
patient and using facts and rules of the device shape know edge base. 52.
The net hod according to claim11, wherein the know edge base includes: (a) a

di agnosti Cﬂ@r@in&@ih%?{aﬁﬂlgﬁaaljec th IR iH&ud%QB&‘exgxﬂﬂﬁ Hﬁe%ﬁ%rogﬁﬂé Shaplie Provided
data/ information tor the patient Is inputted info t atrent specific

di agnoatdidesigmof thetidvize doyi platement i the bady camity hondnedme theadetermined a devi ce
physical .ngteri al ow edge. base,; rein said. hod .fyrther includes

anal yz&ﬁ'@‘gaH@’pﬁrpﬁﬁ%g@goﬁ’é%ﬁwaq{i‘%\tgg&’ﬁpﬁeﬂ@“g H%U%Wfigg?s %ﬁﬁperti es of the
body CaMick ¥haBE kloWIBIEe®hsd he patient; and wherein said obtaining a
recommendati on i ncl udes determ ning physical properties and/ or
characteristics of the device for placenent in the body cavity/ |unmen using
facts and rules of nechanics and physical properties of the body cavity/

| umap, TR MEhdda@ekditk @f cldiel, Giiéteiitthe Ritydedpa bageaichidest! know edge base. 53.
The net hod of any of clainms 50-51, further conprising: generating a
geonetric nodel of the body cavity or lumen fromthe provided data; and
wherein sg{d. el i J Al h B ape and

dosi gn' o paeiEit il oRBoloBR G RIEh RARN el EnBB AR BRRRITEC TTC
gener at ednfaandtidh forahduient iOiputtddentd dbypatient speifio diaghostio and pdtistogiat i ent and
using facts and rules of the device shape know edge base. 54. The nethod of
claim1l, lﬂfﬁ’fmﬁé}ﬂl'é@ﬁ‘ﬂ%%ibﬁ%ﬁ generating a geonetric nodel of the body cavity

or |unen F QY] : .wherein said obtaining a

recom*rena(gi?@ﬁ%?gﬁ%%ﬁ%ggls%?@rﬁFgﬁ%ﬁsﬁ i ncludes obtaining a recomendation

of a geonet whereih 056 hethyd &nthepinyladeahalpingie pioekleddata astbdataminigsthe|l acenment
ated geonetric nodel. 55. The net hod

into the cavity or |lynen using the gen

of cl ai ﬁhﬁ‘,calfﬁﬁﬁ’ﬂeﬁtqsngﬁﬁPﬂk?aﬁgyoﬂéﬁé‘i%ﬁ‘%@“&n@%tri c model of the body
cavity or | : thﬂﬁ]r | ata: éé\é}ﬁﬁl | al Nng a
recorrmendat{lﬂgﬁ'&%1 %%ér?ng% e §§§?em u?i%h%gequnclhﬁcg:?% es xgrgba{}y S:@Arllgm?Elté]géoér}{dmrrure 35
devi ces of durqotesistzsefithe idetice fohglamentt iy therbotiyicavity/Udsmergusingdageadmalesd geonetri c

del . 56. A li [ f ti . th ft
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physical material knowledge base.

53. The method of any of claims 50-51, further comprising: .
generating a geometric model of the body cavity or lumen from the provided data; and
wherein said determining includes determining the appropriate shape and design of the
device for placement in the body cavity/ lumen using the generated geometric model of
the body cavity or lumen of the patient and using facts and rules of the device shape

knowledge base.

54. The method of claim 1, further comprising;
generating a geometric model of the body cavity or lumen from the provided data; and
wherein said obtaining a recommendation from the system further includes obtaining a
recommendation of a geometry, topology and physical properties of a device for placement

into the cavity or lumen using the generated geometric model.

55. The method of claim 1, further comprising:
generating a geometric model of the body cavity or lumen from the provided data; and wherein

said obtaining a recommendation from the system further includes obtaining one or more



to provide an output of one or nore designs for a nedical device that access
a body cavity or lunen of a patient, said applications programi ncl udi ng
one or nore know edge bases and a processing part: wherein said one or nore
know edge bases includes: (a) a disagnostic and pat hol ogi cal information
know edge base, where provided data/ information for the patient is ,
inputted into the diagnostic and pathol ogical information know edge base,
(b) a devdevees frapiackment isttghe basty or hohendismg thagtreraedigeanetse madel. wher ei n
the processing part includes instructions and criteria for: analyzing the
data/ information being provided for the patient and determ ning the
Phy Sk CAh aghlieRRINtPrESraMifof HRARIYorCAMiokdssON tHelBRWaRS prbHandligSHangéBdRsm ni ng
one or nore appropriate shapes and designs of the device for placenent in
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cavity or n of .the pat.ient and .usi the facts an les of . the device
Chape REnPL G BhsuS “ErbbErafh MRG0 pu ootk bR s he or morc
appr opfrbedssing papes and designs. 57. The application program of claim 56,

wherein: wherein said on or nore, know edge bases includes: (c) a device
physi cawhergin 83id ene ok mowd kaayledgsehoses inglodesdi ng facts and rules; wherein the

pr ocessi art i.ncludes. .instructions and.criteria for.. d r,m ni ng one or
more. phy b 2afehotf i i) iRl RleoBl b oBre PRuctfUe 1o bl acenent
in  the h@shhatévor the phidiER inputtedintd e Hiagiosticdd pathoRgicalinfoRsdimAi cs and
physi cal properties of the body cavity/ |unmen being targeted of the device
physi cal knewledgediasgnow edge base; and wherein the instructions and criteria

: ke : ; and wher | ctions and cr
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provi di ng™ah outpu erm ned®one or nore physical properties and/
or char aciRrdisthedsoceSding gareinafugbs iasthictibnPamdgridériadbr:any of cl ai ms 56- 57,
wherein: the instructions and criteria for said analyzing the data/

i nf or mat iaB#y#es the databinferaatipp peipg grovisiedifanthe palend and AeteiAgs the physi cal

properti ??l}’%éal Blg)g)ggg Xfﬁl%‘ﬁioﬁic% lo‘n”l‘(ﬁﬂenggefltﬂ%ﬁatféﬁféi ent includes instructions

and crit ratirng a geonetric no body cavity or lunmen from
t he provi dedeteminibgore or b dppripridtet shapes add desigrstof theaddvive foiepledement ing one or
nore appropriate.. shapes and designs of the device for placenment in the

body cavit§pody sagy/ lyipen g the detetipinedphysisalpreparties ofihe Bedys@viky ff ni ng one or
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providing an output of the determined one or more appropriate shapes and designs.

57. The application program of claim 56, wherein:
wherein said on or more, knowledge bases includes:
(c) a device physical material knowledge base including facts and rules;
wherein the processing part includes instructions and criteria for.
determining one or more physical properties and/ or characteristics of the device for placement in
the body cavity/ lumen using the facts and rules of mechanics and physical properties of the body cavity/
lumen being targeted of the device physical material knowledge base; and
wherein the instructions and criteria for providing an output further includes instructions and

criteria for providing an output of the determined one or more physical properties and/ or characteristics.

58. The application program of any of claims 56-57, wherein:
the instructions and criteria for said analyzing the data/ information being provided for the
patient and determining the physical properties of the body cavity or lumen of the patient includes

instructions and criteria' generating a geometric model of the body cavity or lumen from the provided



59. The application programof any of claim57, wherein: the device is
conprised of a plurality of segnents; wherein the instructions and criteria
for determning one or nore approgriate shapes and designs of the device
for placenent in the body cavity/ lumen includes instructions and criteria
for determ ning one or nore appropriate shapes and designs for each segnent
of the dgnerdifthe Bructld aftidpkéria &rldQBmtisna & Pbre@pproftate Elﬁbéﬁn@@e‘s%ﬂs ofwher ei n:
the device is conprised of a plurality of segnents; the Instructions and
cr i thedévice fag plagemiedt in thelbodyi cayity! lmenlimcldes instrustionstanderitésiaifergletsrmivingiont dror  t he
patient and. deferm ni.ng th hysical properties of.the body cavity or |unen
b PR spRalehape i deler Pt iRt e et E&rirc 8o ener ot ng. a
geonetric nodel of the body cavity or lumen fromthe provided data and
wherein the instructions and criteria for determ ning one or nore
apppdpFheapplieatiap progssrd of ary efraimay/, whereiievi ce for placement in the body
cavity/ ﬂlelarr\g&i%&%l ﬁ&g%ﬁ@ﬁ}&w%& gmsand criteria for determning one or
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nore appropria esigns of each segnment of the device using the
gener at edhe@Rah@isthetiodal critéda fof H&eitithg 6rlor aidbrippaspiiateGhapeh anddebigns ofher ei n:
the device is conprised of a plurality of segnents; wherein the instructions
anthedevigedpr placersent mahehody eavityf lusnea insfuderdpstrugtionssand griteria fopdatermiing oReier or

ch cteristi i in the body cavity/ |unen

inc Ogeaaé)glroﬁést%%ﬁu%e?%%&n%g%%ggﬂce%ﬁ%%%%%ﬁee eterm ning one or nore physical
properties and/ or characteristics of each segnment of the device using the
fac nd rules of nechanics. a hysi cal properties of the body
cav%ﬁ'yﬁfetlﬁgﬁan%mﬁr%&hﬁﬂ%%%?S%t%hﬁ’%@eﬁmbe physi cal nmaterial know edge base.
37 thither includes instructions and criteria so as to create an inference
engine for carrying.out.said. determ ning one or nore appropriate shapes and
desi gns.tﬁ%@“cq“ﬁéora%ﬁ?éjﬁfé’tﬂ?‘gﬂ‘%&mm%f claim57, wherein the instructions
and criteria of the processing part finther includes instructions and
criteria ,so as to create an inference engine for, carrying. o ai d

det er mi ﬁhﬁgsworeﬁanﬁﬁfl@%ﬁ% st W@g&r‘y@a?aé info B%Pq%gm&ﬁﬂf fophe

charaeterl silLGS: i : ' ' fehide@l M 56,
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paraat;aegds as automatically determ ned by the processing part; and

wherein the instructions and criteria for determining one or more appropriate shapes and designs
of the device for placement in the body cavity/ lumen includes instructions and criteria for determining
one or more appropriate shapes and designs of each segment of the device using the generated

geometric model.

61. The application program of claim 57, wherein:

the device is comprised of a plurality of segments;

wherein the instructions and criteria for determining one or more physical properties and/ or
characteristics of the device for placement in the body cavity/ lumen includes instructions and criteria for
determining one or more physical properties and/ or characteristics of each segment of the device using the
facts and rules of mechanics and physical properties of the body cavity/lumen being targeted of the device
physical material knowledge base.



for causing the respective one or nore of the know edge bases to | earn new
paraneters associated with a new design or physical property from such
overwiting. 65. The application program of claim56, wherein the processing
part further includes instructia@ar and criteria for: emulating a device
havi ng one of the outputted determ ned one or nore appropriate shapes and
designs; sinulating navigation of at |east a portion of the device fromthe

ent ry fimheninclodes astryeéidnsand tritertagd s tb erehte an infecnceanging for oarryingeut saidnd

deternj ni ng. changes "to the design d .proving an output of such changes
basedn‘%ﬂ’ (o h’HP@taipﬂﬁ’pﬁﬁﬂﬂfall?gs?"ggﬁggﬁnd rul es of the know edge data

bases.

63. The application program of claim 57, wherein the instructions and criteria of the processing part
further includes instructions and criteria so as to create an inference engine for carrying out said

determining one or more one or more physical properties and/ or characteristics of the device.

64. The application program of claim 56, wherein the instructions and criteria of the

processing part further includes;

instructions and criteria for user overwriting of one or more parameters as automatically

determined by the processing part; and

for causing the respective one or more of the knowledge bases to learn new parameters

associated with a new design or physical property from such overwriting.

65. The application program of claim 56, wherein the processing part further includes
instruction and criteria for:
emulating a device having one of the outputted determined one or more appropriate
shapes and designs;
simulating navigation of at least a portion of the device from the entry point of a
patient's body to the body cavity or lumen; and
determining changes "to the design and proving an output of such changes based on

said simulating and the facts and rules of the knowledge data bases.



