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FIGURE 3

There is described a computer-implemented method for designing a stent, comprising: providing for display a first image of a 3D
model of at least a portion of a body part comprising an aneurysm; receiving a position for each one of a plurality of reference points
chosen along the body part; inserting in the first image a visual marker at the position of each reference point, thereby obtaining a
second image; providing the second image for display; for each reference point, calculating a respective diameter; calculating at
least one length using the positions of the reference points; and outputting the respective diameter and at least one length.
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Abstract:

There is described a computer-implemented method for designing a stent, comprising: providing for
display a first image of a 3D model of at least a portion of a body part comprising an aneurysm;
receiving a position for each one of a plurality of reference points chosen along the body part;
inserting in the first image a visual marker at the position of each reference point, thereby obtaining
a second image; providing the second image for display; for each reference point, calculating a
respective diameter; calculating at least one length using the positions of the reference points; and
outputting the respective diameter and at least one length.
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METHOD AND SYSTEM FOR DESIGNING A STENT

FIELD

[0001] The present technology pertains to the field of medical imaging, surgical
planning, surgical execution and vasculature. More specifically, the present technology

5 relates to a method of and a system for designing a stent.

BACKGROUND

{6002]  Measurement of the geometry of vascular tissues is required for pre-
operative patient monitoring, and for planning surgical intervention, both open and
percutaneous repair. Surgical planning is required to ensure that stents and grafts are
10  properly sized and properly constructed for the individual patient anatomy. Mistakes in
stent sizing and construction can result in delayed, inappropriate, or inaccurate

procedures, or lead to serious complications including death.

j0003]  Geometry measurement is generally based on 3D medical imaging, including
CT, MRI, and 3D Ultrasound modalities. Typically, the vessel(s) of mnterest are
15 scgmented, either manually or automatically, and presented to the physician on a
computer screen. The physician makes geometric measurements including diameters,
angles, and lengths, often using electronic calipers. However, vascular tissues such as
arteries are complex three-dimensional structures that curve and twist in multiple planes

and arc difficult to mcasurc accuratcly on two-dimensional computcer screens.

20  [0004]  Physicians often employ 3D medical imaging programs to measure the
geometry of the vessel(s) using a number of advanced imaging techniques designed to
allow more accurate measurements. However, these advanced imaging techniques are

cxtremely complex and time consuming to usc, and arc pronc to human crror.

{0005]  Therefore there is a need for an improved method and system for designing

25 a stent.
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SUMMARY

j0006] It is an object of the present technology to ameliorate at least some of the
inconvcenicnees present in the prior art. Onc or morc cmbodiments of the present
technology may provide and/or broaden the scope of approaches to and/or methods of

5 achieving the aims and objects of the present technology.

[0007]  Developers of the present technology have appreciated that present
tcchniques for designing a stent may be inaccurate since they rcly on a medical
practitioner for measuring parameters of a subject anatomy. However, vascular tissucs
such as arteries are complex three-dimensional structures that curve and twist in

10  multiple planes and are difficult to measure accurately on a 2D computer screen.

[0008]  The present method and system allow a much faster stent planning with
substantially no loss in accuracy. They further allow a stent planning system that does
not rely on curved or multi planar reconstruction, does not distort the 3D anatomy
familiar to the medical practitioners, does not rely on electronic calipers, and is highly
15  automated thereby minimizing user effort. This results in fewer errors in the design of

a stent and better patient outcomes.

[0009]  According to a first broad aspect, there is provided a computer-implemented
method for designing a stent, the computer-implemented method comprising: providing
for display a first image of a 3D model of a body part of a subject, the body part
20  comprising at least an infrarenal segment of a thoracic aorta, an aneurysm on the
infrarenal segment of the thoracic aorta, an aortic bifurcation and at least a portion of a
left common iliac artery and a right common iliac artery; receiving a position for cach
one of a plurality of reference points, the reference points comprising at least an
inflection point of the suprarenal segment, a bottom of a neck of the ancurysm, a bottom
25 of'the aneurysm, a first point and a second point on the left common iliac artery and a
first and a second point on the right common iliac artery; inserting in the first image a
visual marker at the position for each reference point, thereby obtaining a second image;
providing the second image for display; for each reference point, calculating a
respective diamcter; calculating a first length of the neck using the position of the
30  inflection point of the suprarenal segment and the position of the bottom of a neck of

the aneurysm, a second length of a left landing arca using the position of the first point
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and second points on the left common iliac artery, a third length of a right landing area
using the position of the first point and second points on the right common iliac artery,
a fourth length of a left leg of the stent and a fifth length of a right leg of the stent using
the position of some of the reference points; calculating a suprarenal neck angle using
5  the position of the inflection point of the suprarcnal scgment and the position of the
bottom of the neck of the aneurysm, and an infrarenal neck angle using the position of
the bottom of the neck of the aneurysm and the position of the bottom of the aneurysm;
and outputting the respective diameter for each reference point, the first, second, third,

fourth and fifth lengths, the suprarenal neck angle and the infrarenal neck angle.
10  |0010] In one embodiment, the visual marker is orthogonal to a center line.

j0011]  In onc cmbodiment, the fourth length is determined using the position of onc
of the inflection point and the bottom of the neck and the position of one of the first
point and thc sccond point on the lcft common iliac artery, and the fifth length 1s
determined using the position of one of the inflection point and the bottom of the neck
15  and the position of one of the first point and the second point on the right common iliac

artery.

{0012]  In one embodiment, the method further comprises: generating an image of a
stent using the respective diameter for each reference point, the first, second, third,
fourth and fifth lengths, the suprarenal neck angle, the infrarenal neck angle and a given

20 predefined length for a body of the stent; combining the image of the stent on the image
with the first image, thereby obtaining a further image; and providing the further image
for display.

10013} In one embodiment, the method further comprises receiving a position of a

bifurcation point between the left and right common iliac arteries.

25 [0014] In one embodiment, the method further comprises calculating and outputting

a diameter of the infrarenal segment at the bifurcation point.

{0015}  In one embodiment, the method further comprises determining a sixth length
using the position of one of the inflection point and the bottom of the neck and the
position of the bifurcation point, said calculating the fourth length being performed

30 using the position of the bifurcation point and the position of one of the first point and
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the second point on the left common iliac artery, and said calculating the fifth length
being performed using the position of the bifurcation point and the position of one of

the first point and the second point on the right common iliac artery.

[0016] In onc cmbodiment, the mcthod further compriscs: gencrating an image of a
5  stent using the respective diameter for each reference point, the first, second, third,
fourth, fifth and sixth lengths, the suprarenal neck angle and the infrarenal neck angle;
combining the image of the stent on the image with the first image, thereby obtaining a

further image; and providing the further image for display.

[0017] In one embodiment, the step of outputting comprises providing the respective
10  diameter for each reference point, the first, second, third, fourth and fifih lengths, the

suprarcnal ncck anglc and the infrarcnal nceck angle for display.

[6018]  In one embodiment, the method further comprises: receiving a new position
for the visual marker; moving the visual marker at the new position within the second
image, thereby obtaining an updated image; providing the updated image for display;

15  and calculating a further diameter at the new position.

{0019}  In one embodiment, the visual marker at the new position is orthogonal to

the center line.

[0020f In one embodiment, the method further comprises providing the further

diameter for display.

20 |0021]} In one embodiment, the method further comprises: generating a reference
image of the body part, the reference image comprising at least a portion of a stylized
infrarenal segment of the thoracic aorta, a stylized aneurysm, a stylized aortic
bifurcation and at least a portion of a first stylized common iliac artery and a second
stylized common iliac artery; inserting a visual indicator for each one of the plurality

25  of the reference points within the reference image; and providing the reference image

for display.

[6022] In one embodiment, the reference image further comprises a plurality of

interactive boxes each associated with a respective reference point.
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{0023]  In one embodiment, the step of inserting in the first image the visual marker
is performed only after receiving an indication that a given one of the interactive boxes

has been selected.

[0024] In onc cmbodiment, the 3D modcl compriscs onc of a RAW map, a strain

5 map, an anatomy map, an ILT map and a growth map.

{0025} In one embodiment, the respective diameter comprises one of a maximal

diameter, a minimal diameter and a given diameter of an equivalent circle.

[0026] In one embodiment, the method further comprises, for each one of the first
and second common iliac arteries: receiving a respective iliac point; and calculating a

10 respective curvature angle at the respective iliac point.

[6027]  In one embodiment, the method further comprises providing the respective

curvaturc anglc for display.

j0028]  Tn one embodiment, the method further comprises receiving an identification

of the 3D model and retrieving the 3D model from a database.

15 [0029] In one embodiment, the body part further comprises at least a portion of a

suprarenal segment of the thoracic aorta.

10030} In one embodiment, the method further comprises: calculating a maximal
diameter of the aneurysm; and providing the maximal diameter of the aneurysm for

display.

20 [0031]  In one embodiment, the step of generating the image of the stent comprises:
accessing a database comprising predefined stent pieces; selecting adequate stent picces
amongst the predefined stent pieces using the respective diameter for each reference
point, the first, second, third, fourth and fifth lengths, the suprarenal neck angle, the
infrarcnal ncck anglc and the given predefined length for the body of the stent, the

25  adequate stent pieces forming together the stent; and generating the image of the stent

using images of the adequate stent pieces.

j6032]  In one embodiment, the step of generating the image of the stent comprises:

accessing a database comprising predefined stent pieces; selecting adequate stent picces
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amongst the predefined stent pieces using the respective diameter for each reference
point, the first, sccond, third, fourth, fifth and sixth lengths, the suprarenal neck angle
and the infrarenal neck angle, the adequate stent pieces forming together the stent; and

generating the image of the stent using images of the adequate stent picces.

5 [0033] According to another broad aspect, there is provided a computer-
implemented method for designing a stent, comprising: providing for display a first
image of a 3D model of at least a portion of a body part comprising an ancurysm;
receiving a position for each one of a plurality of reference points chosen along the
body part; inserting in the first image a visual marker at the position of each reference

10  point, thercby obtaining a second image; providing the second image for display; for
each reference point, calculating a respective diameter; calculating at least one length
using the positions of the referenee points; and outputting the respective diamcter and

at least one length.

{00341  According to a further broad aspect, there is provided a system for designing
15 a stent, the system comprising: a processor; and a non-transitory computer readable
storage medium comprising instructions stored thercon; the processor, upon execution
of the instructions, being configured for: providing for display a first image of a 3D
model of a body part of a subject, the body part comprising at least an infrarenal
segment of a thoracic aorta, an ancurysm on the infrarenal segment of the thoracic aorta,
20  an aortic bifurcation and at least a portion of a left common iliac artery and a right
common iliac artery; receiving a position for each one of a plurality of reference points,
the reference points comprising at least an inflection point of the suprarenal segment, a
bottom of a neck of the aneurysmn, a bottom of the aneurysm, a first point and a second
point on the left common iliac artery and a first and a sccond point on the right common
25  iliac artery; inserting in the first image a visual marker at the position for each reference
point, thereby obtaining a second image; providing the second image for display: for
each reference point, calculating a respective diameter; calculating a first length of the
neck using the position of the inflection point of the suprarenal segment and the position
ofthe bottom of a neck of the ancurysm, a second length of a left landing arca using the
30  position of the first point and second points on the left common iliac artery, a third
length of a right landing area using the position of the first point and second points on

the right common iliac artery, a fourth length of a left leg of the stent and a fifth length
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of a right leg of the stent using the position of some of the reference points; calculating
a suprarcnal neck angle using the position of the inflection point of the suprarenal
segment and the position of the bottom of the neck of the ancurysm, and an infrarenal
neck angle using the position of the bottom of the neck of the aneurysm and the position
5  ofthc bottom of the ancurysm; and outputting the respective diamcter for cach reference
point, the first, second, third, fourth and fifth lengths, the suprarenal neck angle and the

infrarenal neck angle.
{0035]  In one embodiment, the visual marker is orthogonal to a center line.

[0036] In one embodiment, the fourth length is determined using the position of one
10 of the inflection point and the bottom of the neck and the position of one of the first
point and thc sccond point on thc lcft common iliac artery, and the fifth length 1is
determined using the position of one of the inflection point and the bottom of the neck
and the position of onc of the first point and the sccond point on the right common 1liac

artery.

15 0037} In one embodiment, the processor 1s further configured for generating an
image of a stent using the respective diameter for each reference point, the first, second,
third, fourth and fifth lengths, the suprarenal neck angle, the infrarenal neck angle and
a given predefined length for a body of the stent; combining the image of the stent on
the image with the first image, thereby obtaining a further image; and providing the

20 further image for display.

{0038} In one embodiment, the processor is further configured for receiving a

position of a bifurcation point between the lett and right common iliac arteries.

[6039]  In one embodiment, the processor is further configured for calculating and

outputting a diamcter of the infrarcnal scgment at the bifurcation point.

25 [0040] In one embodiment, the processor is further configured for determining a
sixth length using the position of one of the inflection point and the bottom of the neck
and the position of the bifurcation point, said calculating the fourth length being
performed using the position of the bifurcation point and the position of one of the first

point and the second point on the left common iliac artery, and said calculating the fifth
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length being performed using the position of the bifurcation point and the position of

one of the first point and the second point on the right common iliac artery.

[0041]  In one embodiment, the processor is further configured for: generating an
imagg of a stent using the respective diamcter for cach reference point, the first, sccond,
5 third, fourth, fifth and sixth lengths, the suprarenal neck angle and the infrarenal neck
angle; combining the image of the stent on the image with the first image, thereby

obtaining a further image; and providing the further image for display.

[0042] In one embodiment, said outputting comprises providing the respective
diameter for cach reference point, the first, second, third, fourth and fifth lengths, the

10 suprarenal neck angle and the infrarenal neck angle for display.

10043} In onc cmbodiment, the processor is further configurced for: recciving a new
position for the visual marker; moving the visual marker at the new position within the
second image, thercby obtaining an updated image; providing the updated image for

display; and calculating a further diameter at the new position.

15 |0044] In one embodiment, the visual marker at the new position is orthogonal to

the center line.

[0045] In one embodiment, the processor is further configured for providing the
further diameter for display.

{0046} In onc embodiment, the processor is further configured for: generating a
20  reference image of the body part, the reference image comprising at least a portion of a
stylized infrarenal segment of the thoracic aorta, a stylized ancurysm, a stylized aortic
bifurcation and at least a portion of a first stylized common iliac artery and a second
stylized common iliac artery; inserting a visual indicator for each one of the plurality
of the reference points within the reference image; and providing the reference image

25  for display.

[0047] In one embodiment, the reference image further comprises a plurality of

interactive boxes each associated with a respective reference point.
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{0048] In one embodiment, said inserting in the first image the visual marker is
performed only after receiving an indication that a given one of the interactive boxes

has been selected.

[0049] In onc cmbodiment, the 3D modcl compriscs onc of a RAW map, a strain

5 map, an anatomy map, an ILT map and a growth map.

{0050] In one embodiment, the respective diameter comprises one of a maximal

diameter, a minimal diameter and a given diameter of an equivalent circle.

[0051] In one embodiment, the processor is further configured for, for each one of
the first and second common iliac arteries: receiving a respective iliac point; and

10  calculating a respective curvature angle at the respective iliac point.

[6052]  In one embodiment, the processor is further configured for providing the

respective curvature angle for display.

j0053]  Tn one embodiment, the processor is further configured for receiving an

identification of the 3D model and retrieving the 3D model from a database.

15 [0054] In one embodiment, the body part further comprises at least a portion of a

suprarenal segment of the thoracic aorta.

10055] In onc embodiment, the processor is further configured for: calculating a
maximal diameter of the ancurysm; and providing the maximal diameter of the

aneurysm for display.

20 [0056] In one embodiment, said generating the image of the stent comprises:
accessing a database comprising predefined stent pieces; selecting adequate stent picces
amongst the predefined stent pieces using the respective diameter for each reference
point, the first, second, third, fourth and fifth lengths, the suprarenal neck angle, the
infrarcnal ncck anglc and the given predefined length for the body of the stent, the

25  adequate stent pieces forming together the stent; and generating the image of the stent

using images of the adequate stent pieces.

j0057]  In one embodiment, said generating the image of the stent comprises:

accessing a database comprising predefined stent pieces; selecting adequate stent picces
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amongst the predefined stent pieces using the respective diameter for each reference
point, the first, sccond, third, fourth, fifth and sixth lengths, the suprarenal neck angle
and the infrarenal neck angle, the adequate stent pieces forming together the stent; and

generating the image of the stent using images of the adequate stent pieces.

5 [0088]  According to still another broad aspect, there is provided a system for
designing a stent, the system comprising: a processor; and a non-transitory computer
readable storage medium comprising instructions stored thercon; the processor, upon
execution of the instructions, being configured for: providing for display a first image
of a 3D model of at least a portion of a body part comprising an ancurysm; receiving a

10  position for each one of a plurality of reference points chosen along the body part;
inserting in the first image a visual marker at the position of each reference point,
thereby obtaining a sccond 1imagc; providing the sccond image for display; for cach
reference point, calculating a respective diameter; calculating at least one length using
the positions of the reference points; and outputting the respective diameter and at least

15 onc length.

[6059] In the following, the expression “center line”™ refers to the center line of the
anatomy, i.c., the center line of the wall of the aorta or artery. In an embodiment in

which a thrombus is present, the center line refers to the center line of the lumen.

10060} Terms and Definitions

20  [0061] In the context of the present specification, a ““server” is a computer program
that is running on appropriate hardware and is capable of receiving requests (e.g., from
electronic devices) over a network (e.g., a communication network), and carrying out
those requests, or causing those requests to be carried out. The hardware may be one
physical computer or one physical computer system, but neither is required to be the

25  case with respect to the present technology. In the present context, the use of the
expression “a server” is not intended to mean that every task (e.g., received instructions
or requests) or any particular task will have been received, carried out, or caused to be
carried out, by the same server (i.¢., the same software and/or hardware); it is intended
to mean that any number of software elements or hardware devices may be involved in

30  receiving/sending, carrying out or causing to be carried out any task or request, or the

consequences of any task or request; and all of this software and hardware may be one
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server or multiple servers, both of which are included within the expressions “at least

one server” and “a server’.

[0062] In the context of the present specification, “‘electronic device” is any
computing apparatus or computcr hardwarc that is capablc of running softwarc
5 appropriate to the relevant task at hand. Thus, some (non-limiting) examples of
electronic devices include general purpose personal computers (desktops, laptops,
netbooks, etc.), mobile computing devices, smartphones, and tablets, and network
equipment such as routers, switches, and gateways. It should be noted that an electronic
device in the present context is not precluded from acting as a server to other clectronic
10 devices. The use of the expression “an electronic device” does not preclude multiple
electronic devices being used in receiving/sending, carrying out or causing to be carried
out any task or rcquest, or the conscquences of any task or rcquest, or steps of any
method described herein. In the context of the present specification, a “client device”
refers to any of a range of end-user client electronic devices, associated with a user,

15 such as pcrsonal computcrs, tablcts, smartphoncs, and the like.

[0063] In the context of the present specification, unless expressly provided
otherwise, a computer system may refer, but is not limited to, an “clectronic device™, a
“computing device™, an “operation system”, a “system”, a “computer-based system™, a
“computer system”, a “network system”, a “network device”, a “controller unit”, a
20  “monitoring device”, a “control device”, a “server’, and/or any combination thereof

appropriate to the relevant task at hand.

[0064]  In the context of the present specification, the expression "computer readable
storagc mcdium” (also rcferred to as "storage medium™ and “storage™) is intended to
include non-transitory media of any nature and kind whatsoever, including without
25  himitation RAM, ROM, disks (CD-ROMs, DVDs, floppy disks, hard drivers, cloud
storage, etc.), USB keys, solid state-drives, tape drives, etc. A plurality of components
may be combined to form the computer information storage media, including two or
more media components of a same type and/or two or more media components of

different types.

30 |0065]) In the context of the present specification, a "database” is any structured

collection of data, irrespective of its particular structure, the database management
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software, or the computer hardware on which the data is stored, implemented or
otherwise rendered available for use. A database may reside on the same hardware as
the process that stores or makes use of the information stored in the database or it may

reside on separate hardware, such as a dedicated server or plurality of servers.

5 [0066] In the context of the present specification, the expression “information”
includes information of any nature or kind whatsoever capable of being stored in a
database. Thus, information includes, but is not limited to audiovisual works (images,
movies, sound records, presentations etc.), data (location data, numerical data, etc.),
text (opinions, comments, questions, messages, ¢tc.), documents, spreadshects, lists of

10  words, etc.

[0067] In thc context of the present specification, unless cxpressly provided
otherwise, an “indication” of an information element may be the information element
itsclf or a pointer, rcference, link, or other indircct mechanism cnabling the recipient of
the indication to locate a network, memory, database, or other computer-readable
15 medium location from which the information element may be retrieved. For example,
an indication of a document could include the document itself (i.e. its contents), or it
could be a unique document descriptor identifying a file with respect to a particular file
system, or some other means of directing the recipient of the indication to a network
location, memory address, database table, or other location where the file may be
20  accessed. As one skilled in the art would recognize, the degree of precision required in
such an indication depends on the extent of any prior understanding about the
interpretation to be given to information being exchanged as between the sender and
the recipient of the indication. For example, 1fit is understood prior to a communication
between a sender and a recipicent that an indication of an information clement will take
25 the form of a database key for an entrv in a particular table of a predetermined database
containing the information element, then the sending of the database key is all that is
required to effectively convey the information element to the recipient, even though the
information element itself was not transmitted as between the sender and the recipient

of the indication.

30 [0068] In the context of the present specification; the expression “communication
nctwork™ is intended to include a tclccommunications ncetwork such as a computcer

network, the Internet, a telephone network, a Telex network, a TCP/IP data network

CA 03240201 2024-6-5



WO 2023/111808 PCT/IB2022/062063
13

(c.g., a WAN network, a LAN network, etc.), and the like. The term “communication
network™ includes a wired network or direct-wired connection, and wireless media such
as acoustic, radio frequency (RF), infrared and other wircless media, as well as

combinations of any of the above.

5 [0069] In the context of the present specification, the words “first”, “second”,
“third”, etc. have been used as adjectives only for the purpose of allowing for distinction
between the nouns that they modify from one another, and not for the purpose of
describing any particular relationship between those nouns. Thus, for example, it should
be understood that, the use of the terms “first server” and “‘third server” is not intended

10  to imply any particular order, type, chronology, hierarchy or ranking (for example)
of/between the servers, nor is their use (by itself) intended to imply that any “second
scrver” must necessarily exist in any given situation. Further, as is discussed herein in
other contexts, reference to a “first” element and a “second” element does not preclude
the two elements from being the same actual real-world element. Thus, for example, in

15  somgc instances, a “first” scrver and a “sccond” scrver may be the same softwarce and/or

hardware, in other cases they may be different software and/or hardware.

[0670} Implementations of the present technology each have at least onc of the
above-mentioned objects and/or aspects, but do not necessarily have all of them. It
should be understood that some aspects of the present technology that have resulted
20  from attempting to attain the above-mentioned object may not satisfy this object and/or

may satisfy other objects not specifically recited herein.

[0071} Additional and/or alternative features, aspects and advantages of
implementations of the present technology will become apparcent trom the following

description, the accompanying drawings and the appended claims.

25 BRIEF DESCRIPTION OF THE DRAWINGS

10072} For a better understanding of the present technology, as well as other aspects
and further features thereof, reference is made to the following description which is to

be used in conjunction with the accompanying drawings, where:
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{0073}  Figure 1 depicts a schematic diagram of an electronic device in accordance

with one or more non-limiting embodiments of the present technology;

[0074]  Figure 2 depicts a schematic diagram of a system in accordance with one or

morc non-limiting cmbodiments of the present technology;

h

{0075}  TFigure 3 is a flow chart illustrating a computer-implemented method for
designing a stent, in accordance with one or more non-limiting embodiments of the

present technology;

[0076] Figure 4 is an image of an anatomy part comprising an aorta provided with
an aneurysm and two common iliac arteries, in accordance with one or more non-

10  limiting embodiments of the present technology;

[6077]  Figure 5 corresponds to the image of the aorta of Figure 4 in which a first
reference marker has been added, in accordance with onc or morc non-limiting

embodiments of the present technology;

{0078] Figurc 6 corresponds to the image of the aorta of Figure 4 in which nine
15  reference markers have been added, in accordance with one or more non-limiting

embodiments of the present technology;

{0079}  Figure 7 illustrates the image of the aorta of Figure 4 in which the suprarenal
and infrarcnal anglcs of the ncck of the ancurysm arc shown. in accordancc with onc or

more non-limiting embodiments of the present technology;

20 (0084 Figure 8 illustrates a first rotation of the aorta of Figure 4, in accordance with

one or more non-limiting embodiments of the present technology;

10081} Figure 9 illustrates a first rotation of the aorta of Figure 4, in accordance with

one or more non-limiting embodiments of the present technology;

[0082] Figurc 10 illustrates a cross-sectional view of the aorta of Figure 4, in

25  accordance with one or more non-limiting embodiments of the present technology;

|0083] Figure 11 illustrates the curvature of the two common iliac arteries of Figure

4. in accordance with one or more non-limiting embodiments of the present technology;
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{0084]  Figure 12 is an image comprising the anatomy part of Figure 4 and a stylized
representation of the anatomy part, in accordance with one or more non-limiting

embodiments of the present technology;

[0085] Figurc 13 corrcsponds to the image of Figurc 12 in which a reference marker
5  has been added on the image of the anatomy part, in accordance with one or more non-

limiting embodiments of the present technology;

[0086]  Figure 14 corresponds to the image of Figure 12 in which nine reference
markers have been added on the image of the anatomy part, in accordance with one or

more non-limiting embodiments of the present technology;

10 0087} Figurc 15 illustrates the anatomy part of Figurc 4 in which an image of a
designed stent has been incorporated, in accordance with onc or morc non-limiting

embodiments of the present technology; and

[0088] Figurc 16 illustrates a stent for a thoracic aortic ancurysm inserted into a
thoracic aorta, n accordance with one or more non-limiting embodiments of the present

15 technology.

DETAILED DESCRIPTION

10089} The ecxamples and conditional language recited herein are principally
intended to aid the reader in understanding the principles of the present technology and
not to limit its scope to such specifically recited examples and conditions. It will be
20  appreciated that those skilled in the art may devise various arrangements which,
although not explicitly described or shown herein, nonetheless embody the principles

of the present technology and are included within its spirit and scope.

[0090} Furthermore, as an aid to understanding, the following description may
describe relatively simplificd implementations of the present technology. As persons
25  skilled in the art would understand, various implementations of the present technology

may be of a greater complexity.

j0091]  In some cases, what are believed to be helpful examples of modifications to

the present technology may also be sct forth. This is done merely as an aid to
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understanding, and, again, not to define the scope or set forth the bounds of the present
technology. These modifications are not an exhaustive list, and a person skilled in the
art may make other modifications while nonetheless remaining within the scope of the
present technology. Further, where no examples of modifications have been set forth,
5 it should not bec intcrpreted that no modifications arc possiblc and/or that what 1s

described is the sole manner of implementing that element of the present technology.

10092] Moreover, all statements herein reciting principles, aspects, and
implementations of the present technology, as well as specific examples thereof, are
intended to encompass both structural and functional equivalents thercof, whether they
10  are currently known or developed in the future. Thus, for example, it will be appreciated
by those skilled in the art that any block diagrams herein represent conceptual views of
tllustrative circuitry cmbodying the principles of the present technology. Similarly, it
will be appreciated that any flowcharts, flow diagrams, state transition diagrams,
pseudo-code, and the like represent various processes which may be substantially
15 represented in computer-rcadable media and so cxceuted by a computer or processor,

whether or not such computer or processor is explicitly shown.

[0093] The functions of the various elements shown in the figures, including any
functional block labeled as a "processor" or a “‘graphics processing unit”, may be
provided through the use of dedicated hardware as well as hardware capable of
20  executing software in association with appropriate software. When provided by a
processor, the functions may be provided by a single dedicated processor, by a single
shared processor, or by a plurality of individual processors, some of which may be
shared. In some non-limiting embodiments of the present technology, the processor
may bc a gencral-purposc proccssor, such as a ccentral proccessing unit (CPU) or a
25 processor dedicated to a specific purpose, such as a graphics processing unit (GPU).
Moreover, explicit use of the term "processor” or "controller" should not be construed
to refer exclusively to hardware capable of executing software, and may implicitly
include, without limitation, digital signal processor (DSP) hardware, network
processor, application specific integrated circuit (ASIC), field programmable gate array
30  (FPGA), read-only memory (ROM) for storing software, random access memory
(RAM), and non-volatile storage. Other hardware, conventional and/or custom, may

also be included.
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[0094] Software modules, or simply modules which are implied to be software, may
be represented herein as any combination of flowchart elements or other elements
indicating performance of process steps and/or textual description. Such modules may

be executed by hardware that is expressly or implicitly shown.

5 [0095]  With these fundamentals in place, we will now consider some non-limiting

examples to illustrate various implementations of aspects of the present technology.

[0096]  With reference to Figure 2, there is illustrated a schematic diagram of an
electronic device 100 suitable for use with some non-limiting embodiments of the

present technology.
10 0097} Electronic device

[6098] The clectronic device 100 comprises various hardware components
including onc or morc single or multi-corc proccssors collcctively represented by
processor 110, a graphics processing unit (GPU) 111, a solid-state drive 120, a random-

access memory 130, a display interface 140, and an mput/output interface 150.

15 {0099} Communication between the various components of the electronic device
100 may be enabled by one or more internal and/or external buses 160 (e.g. a PCI bus,
universal serial bus, IEEE 1394 “Firewire” bus, SCSI bus, Serial-ATA bus, etc.), to

which the various hardware components are ¢lectronically coupled.

{0100}  The input/output interface 150 may be coupled to a touchscreen 190 and/or
20 tothe one or more internal and/or external buses 160. The touchscreen 190 may be part
of the display. In some embodiments, the touchscreen 190 is the display. The
touchscreen 190 may equally be referred to as a screen 190. In the embodiments
illustrated in Figure 2, the touchscreen 190 comprises touch hardware 194 (¢.g.,
pressure-sensitive cells embedded in a layer of a display allowing detection of a
25  physical interaction between a user and the display) and a touch input/output controller
192 allowing communication with the display interface 140 and/or the one or more
internal and/or external buses 160. In some embodiments, the input/output interface 150
may be connected to a keyboard (not shown), a mouse (not shown) or a trackpad (not
shown) allowing the user to interact with the electronic device 100 in addition or in

30  replacement of the touchscreen 190.
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j0101]  According to implementations of the present technology, the solid-state
drive 120 stores program instructions suitable for being loaded into the random-access
memory 130 and executed by the processor 110 and/or the GPU 111 for training and
using machine leaming models for pre-interventional planning and post-interventional
5 monitoring of cndovascular aortic rcpair (EVAR). For cxamplc, thc program

instructions may be part of a library or an application.

10102} The electronic device 100 may be implemented in the form of a server, a
desktop computer, a laptop computer, a tablet, a smartphone, a personal digital assistant
or any device that may be configured to implement the present technology, as it may be

10  understood by a person skilled in the art.
{0103} System

[0104] Refernng to Figure 3, there is shown a schematic diagram of a
communication system 200, which will be referred to as the system 200, the system 200
being suitable for implementing non-limiting embodiments of the present technology.
15 Itisto be expressly understood that the system 200 as illustrated is merely an illustrative
implementation of the present technology. Thus, the description thereof that follows is
intended to be only a description of illustrative examples of the present technology.
This description is not intended to define the scope or set forth the bounds of the present
technology. In some cases, what are believed to be helpful examples of modifications
20 to the system 200 may also be sct forth below. This 1s done merely as an aid to
understanding, and, again, not to define the scope or set forth the bounds of the present
technology. These modifications are not an exhaustive list, and, as a person skilled in
the art would understand, othcr modifications arc likcly possiblc. Further, where this
has not been done (i.c., where no examples of modifications have been set forth), it
25  should not be interpreted that no modifications are possible and/or that what is
described is the sole manner of implementing that element of the present technology.
As a person skilled in the art would understand, this is likely not the case. In addition it
is to be understood that the system 200 may provide in certain instances simple
implementations of the present technology, and that where such is the case they have
30 been presented in this manner as an aid (o understanding. As persons skilled in the art
would undcrstand, various implementations of the present tcchnology may be of a

greater complexity.
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[0105] The system 200 comprises infer alia a workstation computer 215, a server
230 and a database 235 coupled over a communications network 220 via respective

communication links 225 (not separately numbered).

[0106] In onc or morc cmbodiments, at lcast a portion of the system 200 implements

5 the Picture Archiving and Communication Svstem (PACS) technology.

{0107} Workstation Computer

[0108]  The workstation computer 215 1s configured to allow the user designing a

stent.

10109} The implementation of the workstation computer 215 1s known in the art.

10  The workstation computer 215 may be implemented as the electronic device 100 or
comprise components thereof, such as the processor 110, the graphics processing unit
(GPU) 111, the solid-statc drive 120, the random-acccss memory 130, the display
interface 140, and the input/output interface 150.

j0110]  In one or more embodiments, the workstation computer 215 is configured
15 according to the Digital Imaging and Communications in Medicine (DICOM) standard

for communication and management of medical imaging information and related data.

[oLL1] In one or more embodiments, the workstation computer 215 may store the

imagcs in a local databasc (not illustratcd).

[0112] The workstation computer 215 is connected to a server 230 over the
20  communications network 220 via a respective communication link 225. In one or more
embodiments, the workstation computer 215 may transmit the images and/or
multiphase stack to the server 230 and/or the database 235 for storage and/or processing

thereof.

10113} Scrver

25 [0114] In one or more embodiments of the present technology, the server 230 is

configured to inter alia:

- provide for display a first image of a 3D model of a body part of a subject,

the body part comprising at least a portion of an infrarenal segment of a thoracic aorta,
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an aneurysm on the infrarenal segment of the thoracic aorta, an aortic bifurcation and

at least a portion of a left common iliac artery and a right common iliac artery;

- receive a position for each one of a plurality of reference points, the

rcference points comprising at Icast an inflection point of a suprarcnal scgment, a

5  bottom of a neck of the aneurysm, a bottom of the ancurysm, a first point and a second
point on the left common iliac artery and a first and a second point on the right common

iliac artery;

- insert in the first image a visual marker at the position for each reference

point, thereby obtaining a second image;
10 - provide the second image for display;
- for each reference point, determine a respective diameter;

- determine a first length of the neck using the position of the inflection point

of the suprarenal segment and the position of the bottom of a neck of the aneurysm, a
second length of a left landing arca using the position of the first point and second points

15  on the left common iliac artery, a third length of a right landing area using the position
of the first point and second points on the right common 1liac artery, a fourth length of

a left leg of the stent and a fifth length of a right leg of the stent using the position of

some of the reference points;

- determine a suprarenal neck angle using the position of the inflection point

20 of the suprarenal segment (i.e. where the suprarenal segment of the aorta appears to
bend) and the position of the bottom of the neck of the aneurysm, and an infrarenal neck
angle using the position of the bottom of the neck of the aneurysm and the position of

the bottom of the ancurysm; and

- output the respective diameter for each reference point, the first, second,

25 third, fourth and fifth lengths, the suprarenal neck angle and the infrarenal neck angle.

[0115] How the server 230 is configured to do so will be explained in more detail

herein below.
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j0116]  The server 230 can be implemented as a conventional computer server and
may comprise some or all of the components of the electronic device 100 illustrated in
Figure 2. In an example of one or more embodiments of the present technology, the
server 230 can be implemented as a Dell™ PowerEdge™ Server running the
5  Microsoft™ Windows Scrver'™ opcrating system. Necedless to say, the server 230 can
be implemented in any other suitable hardware and/or software and/or firmware or a
combination thereof. In the illustrated non-limiting embodiment of present technology,
the server 230 is a single server. In alternative non-limiting embodiments of the present
technology, the functionality of the server 230 may be distributed and may be

10  implemented via multiple servers (not illustrated).

[0117] The implementation of the server 230 is well known to the person skilled in
the art of the present technology. However, brictly spcaking, the scrver 230 compriscs
a communication interface (not illustrated) structured and configured to communicate
with various entities (such as the workstation computer 215, for example and other
15 devices potentially coupled to the nctwork 220) via the communications network 220.
The server 230 further comprises at least one computer processor (e.g., a processor 110
or GPU 111 of thc clectronic dcvicc 100) opcrationally connccted with the
communication interface and structured and configured to execute various processcs to

be described herein.

20 |0118] In one or more embodiments, the server 230 may be implemented as the
electronic device 100 or comprise components thereof, such as the processor 110, the
graphics processing unit (GPU) 111, the solid-state drive 120, the random-access
memory 130, the display interface 140, and the input/output interface 150.

j0119] It will be appreciated that the server 230 may provide the output of one or
25  more processing steps to another electronic device for display, confirmation and/or
troubleshooting. As a non-limiting example, the server 230 may transmit the maps (e.g.,
strain map, RAW map, ILT map, etc.) and results of assessments (pre-EVAR and post-
EVAR) for display on a client device configured similar to the electronic device 100

such as a smart phone, tablet, and the like.

30 (0120} Database
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{0121}  The database 235 is configured to inter alia: (i) store DICOM stacks; (i)
store anatomy 3D models; (iii) images; and/or (iv) store predefined parameter or

characteristic values.

[6122] In onc or morc cmbodiments, the databasc 235 may storc ML filc formats,
5  such as tfrecords, .csv, .npy, and .petastorm as well as the file formats used to store
models, such as .pb and .pkl. In one or more embodiments, the database 235 may also
store well-known file formats such as, but not limited to image file formats (¢.g.. .png,
Jpeg), video file formats (e.g.,.mp4, .mkv, etc), archive file formats (e.g.,.zip, .gz, tar,

bzip2), document file formats (¢.g., .docx, .pdf, .txt) or web file formats (¢.g., .html).

10 {0123} It will be appreciated that the database 235 may store other types of data such

as validation datascts (not illustratcd), test datascts (not illustrated) and the like.

[0124] Communication Network

[0125] In some embodiments of the present technology, the communications
network 220 is the Internet. In alternative non-limiting embodiments, the
15 communication network 220 can be implemented as any suitable local arca network
(LAN), wide area network (WAN), a private communication network or the like. It
should be expressly understood that implementations for the communication network
220 are for illustration purposes only. How a communication link 225 (not separately
numbered) between the workstation computer 215 and/or the server 230 and/or another
20  electronic device (not illustrated) and the communications network 220 is implemented
will depend inter alia on how each of the medical imaging apparatus 210, the

workstation computer 215, and the server 230 1s implemented.

[0126] The communication network 220 may be used in order to transmit data
packcets amongst the workstation computer 213, the scrver 230 and the databasc 235.
25  For example, the communication nctwork 220 may be used to transmit requests

between the workstation computer 215 and the server 230.

[0127] Method Description

[0128] Figurc 3 depicts a flowchart of a method 300 for designing a stent in

accordance with one or more non-limiting embodiments of the present technology. The
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stent is to be inserted into an abdominal aorta of a subject for treatment of an aneurysm.
The method 300 is used by a medical practitioner such as a physician, a surgeon, or the
like to determine relevant characteristics of an anatomy of a subject that are to be used
in the design of the stent. For example, the method 300 allows a medical practitioner to

5  preciscly determine diamcters, anglcs, distances, cte. of the anatomy.

{0129]  In one or more embodiments, the server 230 comprises a processing device
such as the processor 110 and/or the GPU 111 operatively connected to a non-transitory
computer readable storage medium such as the solid-state drive 120 and/or the random-
access memory 130 storing computer-readable instructions. The processing device,
10  upon executing the computer-readable instructions, is configured to or operable to

execute the method 300.

10130}  The method 300 begins at processing step 302. A first image 400 of a 3D
modcl 1s provided for display to the uscr. The 3D modecl represents a part of the real
anatomy of a subject. The body or anatomy part comprises at least a portion of the
15  suprarenal segment 402 of a thoracic aorta of the subject, an aneurysm 404 present in
the aorta, the aortic bifurcation 406 and at least a portion of the two common iliac
arteries 408 and 410. As illustrated in Figure 4. It should be understood that the portion
of the suprarenal segment 402 may be omitted in the image 400 and/or the whole

common iliac arteries 408 and 410 may be included in the image 400.

20 [0131] It should be understood that the image 400 is an image of the real anatomy

of the subject. In one embodiment, the image 400 is a real size image of the anatomy.

10132) In one embodiment, the image 400 1s a 2D 1image of'the 3D model. In another
embodiment, the image 400 is a 3D image of the 3D model.

10133} In onc cmbodiment, the uscr may rotatc thc image 400 in order to scc a

25  different view of the represented anatomy.

10134} Once the image 400 is displayed on a user display, the user selects the
position for a plurality of reference points on the displayed image. The position of each

selected point is then received at processing step 304.
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{0135} It should be understood that any adequate method for selecting the position
for a reference point can be used. For example, the user may use a mouse and right click
on the displayed image 400 at the desired position for the reference point. In another
example in which the image 400 is displayed on a touch screen, the user may touch the

5  scrcen at the desired position for the reference point.

j0136]  In one embodiment, the user already knowns which reference points has to
be selected on the image. In the same or another embodiment, instructions defining the

reference points to be selected may be provided to the user.

[0137] In one embodiment, the reference points to be selected by the user comprise
10 atleast the following reference point: the inflection point of the suprarenal segment, the
bottom of the ncck of the ancurysm, the bottom of the ancurysm, a first point and a
second point on the left common iliac artery and a first point and a second point on the
right common iliac artery. The inflection point of the suprarcnal scgment and the bottom
of the neck of the aneurysm are chosen to define the landing area for the neck of the
15  stent while the first and second points selected on the left common iliac artery are
chosen to define the landing area for the left leg of the stent and the first and second
points selected on the right common iliac artery are chosen to define the landing arca

for the right leg of the stent.

{0138} In this embodiment and as described below, a reference length for the body

20  of the stent is stored in memory and used for designing the stent.

[0139] In one embodiment, the reference points further comprise the bifurcation
point between the lett and right common iliac arteries. In this embodiment, the bottom
of the neck of the ancurysm and the bifurcation point are used to define the length of
the body of the stent, e.g., the length of the body of the stent is chosen based on the
25  positions of the bottom of the neck of the aneurysm and the bifurcation point. In one
embodiment, the length of the body of the stent is chosen to be less than the distance

between the bottom of the neck of the aneurysm and the bifurcation point.

101401 At processing step 304, for each reference point identified by the user, a
respective visual marker is generated and inserted into the first image at the position
30 received from the user. For example, Figure 5 illustrates a second image 420 of the

anatomy which corresponds to the first image 400 in which a visual marker 422 has
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been inserted at the position for the bottom of the neck of the aneurysm selected by the

user. The bottom of the neck defines the bottom of the landing area for the stent.

[0141] In the illustrated embodiment, the visual marker 422 is a line orthogonal to
the center line of the aorta at the sclected position. In an cmbodiment in which the imagce
5 400is a 3D image, the visual marker may be a plate or portion of a plane orthogonal to
the center line of the aorta at the selected position. It should be understood that any
adequate visual marker allowing to visualize a selected position in an image may be

used.

[0142]  Once it has been generated, the second image 420 is provided for display. It
10 should be understood that the second image 422 is displayed to the user in replacement

of the first image 400.

[0143] It should be understood that a visual marker such as visual marker 422 is
inserted into the image 400 for cach reference point at its respective received position

selected by the user.

15 (0144} Figure 6 illustrates a third image 430 of the anatomy which corresponds to
the first image 400 in which nine visual markers 422 and 432-446 have been added each
at its respective position selected by the user. In the illustrated example, the visual
markers 422 and 432-446 cach correspond to a line orthogonal to the center line of the

anatomy at their respective position.

20 |0145] The visual marker 432 is positioned at the position selected by the user for
the inflection point of the suprarenal segment of the thoracic aorta. The inflection point
of the suprarenal segment defines the top of the landing areca within the suprarenal

segment of the aorta.

[0146]  As described above, the visual marker 422 indicates the position of the

25  bottom of a neck of the ancurysm selected by the user.

[01471  The visual marker 436 indicates the position selected by the user for the

bottom of the aneurysm.

j0148]  The visual marker 440 indicates the position selected for the first reference

point on the left common iliac artery and the visual marker 442 indicates the position
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selected for the second reference point on the left common iliac artery. In the illustrated
embodiment, the visual marker 442 is positioned at the bifurcation point of the left
common iliac artery 408, i.¢., the point at which the left common iliac 408 splits into

the left internal iliac artery and the left external iliac artery.

5 {0149}  The visual marker 444 indicates the position selected for the first reference
point on the right common iliac artery and the visual marker 446 indicates the position
selected for the second reference point on the right common iliac artery. In the
illustrated embodiment, the visual marker 446 is positioned at the bifurcation point of
the right common iliac artery 410, 1.e., the point at which the right common iliac 410

10  splits into the right internal iliac artery and the right external iliac artery.

[0150] Optionally, the uscr sclects the position of the center of the ancurysm and the
visual marker 434 is inserted at the selected position. The user may also select the
position of the bifurcation pont between the Icft and right common iliac arterics and

the visual marker 438 is inserted into the image.

15 [0151] In one embodiment, a visual marker is inserted into the image 400 as soon as
the position for a reference point is received from the user. In another embodiment, the
visual markers are inserted into the image 400 once the position for all reference points

has been received.

[0152] At processing step 310, for at least some of the reference points for which a
20  respective position has been selected by the user, the diameter of the anatomy at the
respective position orthogonal to the center line is determined using the 3D model of
the anatomy. For example, the diameter of the intrarenal segment of the abdominal
aorta is determined at the position received from the user for the inflection point of the
suprarenal segment, i.e. the diameter of the cross-section of the infrarenal segment
25  taken at the received position for the inflection point orthogonally to the center line of

the infrarenal segment at that position is calculated.

J0153] In onc embodiment, the diameter of the anatomy is determined at least for
the following reference points: the inflection point of the suprarcnal segment
represented by the visual marker 432, the bottom of the neck of the ancurysm
30 represented by the visual marker 422, the first and second points selected on the left

common iliac artery represented by the visual markers 440 and 442, respectively, and
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the first and second points on the right common iliac artery represented by the visual

markers 444 and 446.

[0154] In one embodiment, the diameter is also determined for the following further
rcference points: the bottom of the ancurysm represented by the visual marker 432, the
5  center of the aneurysm represented by the visual marker 434 and/or the bifurcation point

represented by the visual marker 438.

[0155] Since the anatomy is usually not symmetrical, the diameter of the anatomy
may not be constant within a cross-section of the anatomy. In one embodiment, the
diameter determined at processing step 310 and associated with a reference point
10 corresponds to the maximal diameter of the cross-section at the position of the reference
point. In anothcr cmbodiment, the diamcter detcrmined at processing step 310 and
associated with a reference point corresponds to the minimal diameter of the cross-
scction at the position of the reference point. In a further embodiment, the diamcter
determined at processing step 310 corresponds to a combination of the maximal and
15 minimal diameters such as the mean of the maximal and minimal diameters. In still
another embodiment, the diameter determined at processing step 310 corresponds to
the diameter of an equivalent circle. In this case, processing step 310 comprises
measuring the perimeter of the cross-section of the anatomy at the position of the
reference point and determining the diameter of a circle of which the circumference is

20  equal to the determined perimeter.

[0156] While in the present description, the diamecter of the reference point is
determined at processing step 310, the person skilled in the art will understand that
proccssing step 310 may comprisc detcrmining the radius of the cross-scction taken at
the position of the reference points instead of the diameter since a diameter and a radius

25  are equivalent.

[0157] At processing step 312, a plurality of distances or lengths between at least
some reference points are calculated using the 3D model. In one embodiment, at least

five lengths are calculated at processing step 312.

10158} In onc embodiment, the length or distance between two reference points is

30  taken along the center line of the anatomy.
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j0159]  The first length corresponds to the length of the neck for the stent and
corresponds to the distance between the position of the inflection point of the suprarenal
segment identified by visual marker 432 in Figure 6 and the position of the bottom of

the neck of the aneurysm identified by visual marker 422.

5 [0160] The second length corresponds to the length of the landing area in the left
common iliac artery and corresponds to the distance between the positions of first and
second reference points on the left common iliac artery represented by the visual

markers 440 and 442.

[0161] The third length corresponds to the length of the landing arca in the right
10  common iliac artery and corresponds to the distance between the positions of first and
sccond rcference points on the right common iliac artery represented by the visual

markers 444 and 446.

[0162] The fourth length is associated with the left common iliac artery and
corresponds to the distance between the position of the inflection point of the suprarenal
15  segment identified by visual marker 432 or the position of the bottom of the neck of the
ancurysm identified by visual marker 422 and the position of one of the two reference

points on the left common iliac artery identified by visual markers 440 and 442.

[0163] The fifth length is associated with the right common iliac artery and
corresponds to the distance between the position of the inflection point of the suprarenal
20  segment identified by visual marker 432 or the position of the bottom of the neck of the
aneurysm identified by visual marker 422 and the position of one of the two reference

points on the right common iliac artery identitied by visual markers 444 and 446.

[0164]  In an embodiment in which the position of the bifurcation point identified by
the visual marker 438 has been sclected by the uscr, a sixth length may be determined.
25  The sixth length corresponds to the distance between the position of the bifurcation
point and the position of the inflection point of the suprarenal segment identified by
visual marker 432 or the position of the bottom of the neck of the aneurysm identified
bv visual marker 422 is further determined. In this case, the fourth length is associated
with the left common iliac artery may correspond to the distance between the position
30  of the bifurcation point and the position of one of the two reference points on the left

common iliac artery identified by visual markers 440 and 442. Similarly, the fifth length

CA 03240201 2024-6-5



WO 2023/111808 PCT/IB2022/062063
29

is associated with the right common iliac artery corresponds to the distance between the
position of the bifurcation point and the position of one of the two reference points on

the right common iliac artery identified by visual markers 444 and 446.

[0165] At processing step 314, the suprarcnal neck angle ¢ and the infrarcnal nceck
5 angle B are determined using the 3D model. More precisely, the suprarenal neck angle
a 1s determined using the position of the inflection point of the suprarenal segment and
the position of the bottom of the neck of the aneurysm, and the infrarenal neck angle 3
is determined using the position of the inflection point of the suprarenal segment, the
position of the bottom of the neck of the ancurysm and the position of the bottom of the

10  aneurysm as described below.

[0166]  As illustrated in Figurc 7, the suprarcnal ncck angle o corresponds to the
angle between the center line 450 of the suprarenal segment and the axis 452 that passes
by the center of the cross-scction taken at the position of the inflection point and the
center of the cross-section taken at the position of the bottom of the neck of the
15 aneurysm. The infrarenal neck angle B corresponds to the angle between the axis 452
and the axis 454 that passes by the center of the cross-section taken at the position of
the bottom of the neck of the ancurysm and the center of the cross-section of taken at

the position of the bottom of the aneurysm.

{0167} In an embodiment in which the value of the suprarenal neck angle o and that
20 of the infrarenal neck angle § vary depending on the view of the 3D model, the most
severe or greatest suprarenal neck angle o and the most severe or greatest infrarenal

neck angle P are determined at processing step 314.

|0168} In one embodiment, the most severe suprarenal neck angle o and infrarenal

neck angle (3 are determined as follows.

25 [0169]  In order to determine the most severe suprarenal neck angle a, the 3D model
is rotated about the visual marker 432 to obtain a view perpendicular to the middle of
the suprarenal neck angle o, then the 3D model is rotated 360° about the axis 452 and
the most severe angle o between axes 452 and 450 over the 360° is taken as the

suprarcnal neck angle . as illustrated in Figure 8.
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{0170}  The most severe infrarenal neck angle f3 is determined in a similar manner.
the 3D model is rotated about the visual marker 422 to obtain a view perpendicular to
the middle of the infrarenal neck angle B, then the 3D model is rotated 360° about the
axis 452 and the most severe angle B between axes 452 and 454 over the 360° is taken

5  asthe infrarcnal ncck angle B, as illustrated in Figurc 9.

[0171] At processing step 316, the determined parameters, 1.e., the diameters
determined at processing step 3 10, the distances determined at processing step 312 and

the angles determined at processing step 314, are outputted.

[0172} In one embodiment, the determined parameters are stored in memory. In the

10 same or another embodiment, the determined parameters are provided for display.
10173} The mcthod 300 then onds.

10174} In onc cmbodiment, the reference points comprisc at Icast the inflection point
of the suprarenal segment, the bottom of the neck of the aneurysm, the bottom of the
ancurysm, the bifurcation point, a given point on the first common iliac artery and a
15  given point on the second common iliac artery. However, it should be understood that

the reference points may comprise more than the above-listed points.

{0175} It should be understood that the order in which the processing steps 310-316
are executed may vary. For example, each time the position of a reference point is
received from the user, the diameter of the anatomy associated with the reference point
20  may be determined and outputted before the reception of the position of another
reference point. Alternatively, the diameters may be displayed to the user only when
the position for all of the reference points has been received from the user. In another
example, as soon as they can be determined, a distance between two reference points
and/or the suprarcnal ncck angle a and/or the infrarcnal ncck angle B arc determined
25  and outputted. Alternatively, the determined distances and/or the determined angles can
be displayed to the user only when all distances and angles have been determined.
Similarly, a visual marker may be inserted into the image 400 and the updated image
may be displayed to the user as soon as the position of its respective reference point is
received. Alternatively, the visual markers may be displayed to the user only once the

30  position for all reference points has been received.
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j0176]  In one embodiment, the visual markers 422 and 432-446 are each interactive,
i.e., the user may select a visual marker and move it to another position to define a better
position for the reference point associated thereto. In this case, the new position of the
visual marker, which defines the position for the reference point associated with the
5  rcference marker, is transmitted to the scrver 230 and the mcethod 300 further compriscs
the processing step of receiving the new position for the reference point. The method
further comprises calculating the parameters, e.g., the diameter of the anatomy at the

new position, using the new position and outputting the new value of the parameters.

10177} In an embodiment in which a visual marker 422, 432-446 is interactive, the
10  marker is generated and displayed to the user so as to be orthogonal to the center line.
Since the visual marker 422 432-446 is interactive, the user may move the visual
marker 422, 432-446 from an initial position to a sccond position. In onc cmbodiment,
when at the final position, the visual marker 422, 432-446 is positioned within the
displayed image so at to be orthogonal to the center line. In one embodiment, the visual
15  marker 422, 432-446 is displaycd to the uscr while the uscr moves the visual marker
422, 432-446 from the initial position to the final position, i.e., the visual marker 422,
432-446 is displaycd to the uscr at cach intcrmcdiary position between the initial and
final positions. In one embodiment, for cach intermediary position, the visual marker
422, 432-446 is positioned within the displayed image so as to be orthogonal to the
20  center line, i.c. the visual marker 422, 432-446 is forced to remain orthogonal to the

center line while the user is moving the visual marker 422, 432-446.

[0178] In one embodiment, the user may display a cross-sectional view of the
anatomy at a position where the diameter has to be determined and the cross-sectional
vicw may bc taken orthogonal to the center linc. For ecxamplce, the uscr may sclect the
25 visual marker 422 and display the cross-sectional view of the anatomy at this location.
In this case. the method 300 comprises a processing step of generating the cross-
sectional view of the 3D model at the location indicated by the user, ¢.g., at the location
corresponding to the visual marker 422. Figure 10 illustrates an exemplary cross-
sectional view 470 taken at the position indicated by the user, in which visual markers
30 472, 474 and/or 476 are added before being displayed to the user. The visual marker
472 corresponds to the smallest diameter of the cross-section of the aorta at the position

indicated by the user. The visual marker 474 corresponds to the longest diameter of the
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cross-section of the aorta at the position indicated by the user. The visual diameter 476
is a circle centered on the center of the cross-section of the aorta and of which the
circumference corresponds to the perimeter of the cross-section. In one embodiment,
only one of the visual markers 472-476 may be generated. In another embodiment, only

5  two of the visual markcrs 472-476 may bc gencrated.

[0179] The visual markers 472-476 are interactive, i.¢., the user may modify them.
For example, the user may enlarge the circle 476 and the new diameter of the circle 476
is determined and outputted as the new diameter associated with the position selected

by the user.

10 [0180} In one embodiment, the method 300 further comprises determining the
curvaturc of the first and/or sccond common iliac artcrics 408 and 410. In this casc, the
method 300 further comprises a processing step of receiving from the user the position
of a reference point 480, 482 on the common iliac artery 408, 410 and a proccssing step
of determining the curvature of the center line 484, 486 at point 480, 482, as illustrated

15 in Figure 11. The method may further comprise the step of outputting the determined

curvature.

{0181} It should be understood that other curvatures of the anatomy may be
determined. For example, the outer and/or inner curvature of the aortic neck and/or the

aortic sac may be determined and outputted.

20  [0182] In one embodiment, the method further comprises adding a visual marker at
the position selected by the user and/or the center line in the image 400 to help the user

visualize the reterence point that he selected and/or the center line.

[0183]  In one embodiment, in addition to the generation and display of the image
400 of the 3D modcl, the mcthod 300 further compriscs the processing stop of providing
25  for display an image a reference image 500. As illustrated in Figure 12, the reference
image 500 comprises a stylized representation of the same body part as that illustrated
in the image 400, i.c., a representation of at least a portion of a stylized suprarenal
segment of the thoracic aorta, a stylized aneurysm, a stylized aortic bifurcation and at
least a portion of a first stylized common iliac artery and a second stylized common

30 iliac artery.
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j0184]  The image 500 further comprises a plurality of interactive diameter boxes
502, a plurality of interactive length or distance boxes 504 and a plurality of interactive
angle boxes 506. The image 500 also comprises visual markers 512, 514 and 516 cach
being associated with a respective diameter box 502, distance box 504 or angle box

5 506

[0185] Each diameter box 502 is associated with a respective reference point on the
anatomy and a respective visual marker 512. The visual marker 512 associated with a
given diameter box 502 is positioned in the image 500 at the position of the reference
point associated with the given diameter box 502. Furthermore, each diameter box 502
10  and its respective visual marker 512 are linked by a dashed line links to help the user

visualize the association between diameter boxes 502 and visual markers 512.

10186} Each distance box 504 is associated with a respective distance or length
between two respective reference points and a respective visnal marker 514 1n the form
of an arrow between the two reference points. The visual marker 514, ¢.g., the arrow,
15  associated with a given distance box 504 is positioned in the image 500 so as to extend
between the two reference points associated with the distance box 504 along the center
line of the anatomy. Furthermore, each distance box 504 and its respective visual
marker 514 are linked by a dashed line links to help the user visualize the association

between distance boxes 504 and visual markers 514.

20 [0187]  Each angle box 506 is associated with a respective angle within the anatomy
and a respective visual marker 516. Each visual marker 516 is positioned within the
image 500 at a respective position which allows the user to identify the angle associated

with the respective angle box 506.

{0188} In one embodiment, the images 500 and 400 are displayed on different
25 displays. In another embodiment, the images 500 and 400 are displayed on the same

display side-by-side for example.

[0189] In operation and as illustrated in Figure 13, the user starts by selecting in the
image 500 a given diameter box 502 and the identification of the selected diameter box
502 1is sent to the server. The user then sclects in the image 400 a desired position for
30 the reference point associated with the selected diameter box. The position of the point

selected in the image 400 is then sent to the server. Upon reception of the position of
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the selected point, the server generates the reference marker 422 and inserts it into the
image 400, as described above. Furthermore, the server calculates the diameter of the
anatomy at the received position, as described above. The calculated diameter is then

displayed in the diameter box 502 previously selected by the user in the image 500.

5 [0190] The operation is repeated for each diameter box 502. The distance boxes 504
and the angle boxes 506 are populated automatically as the user selects the different
diameters 502 and the position for their associated reference points in the image 400.
As soon as the position for two reference points associated with a given distance box
504 has been selected by the user, the distance between these two points is calculated

10  and displayed in the given distance box 504. Similarly, as soon as the position for two
reference points associated with a given angle box 506 has been selected by the user
and rcceived by the server, the angle associated with these two points is automatically

calculated and displayed in the given distance box 506.

{0191} In one embodiment, the user may display the rotated image 400 at the
15  calculated neck angle and then rotate the image 400 to determine a more preferred

angle, or drag the line projecting up the neck to alter the angle.

{0192]  Figure 14 illustrates the images 400 and 500 once the user has selected the
position for the reference points associated with all of the diameter boxes 502. In this

case, each box 502, 504, 506 includes the value of its associated parameter.

20 [0193] Once the value for all parameters has been determined, the method 300
further comprises a processing step of determining the characteristics for the stent using

the determined characteristics of the anatomy.

[0194] In one embodiment, the method 300 further comprses the steps of
calculating the volume of the ancurysm and/or thc minimal and/or maximal diamcters
25  of the ancurysm and displaying the calculated volume of the aneurysm and/or minimal

and/or maximal diameters of the aneurysm.

{0195}  As illustrated in Figure 15, a stent 530 comprises a neck 532, a body 534, a
left leg 536 and a right leg 538, and extends between a top end 540 and a left bottom
end 542 at the end of the left leg 536 and a right bottom end 544 at the end of the right
30 leg 538. The left and night legs 536 and 538 of the stent 530 separate at a bifurcation
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point 546. The neck of the stent 530 extends between the top end 540 and the point 550.
The body of the stent extends between the point 550 and the bifurcation point 546. The
left leg 536 of the stent 530 extends between the bifurcation point 546 and the left
bottom end 542 while the landing area of the left leg 536 extends between the point 552

5 and thc bottom cnd 542. The right Icg 538 of the stent 530 cxtends between the
bifurcation point 546 and the right bottom end 544 while the landing area of the right
leg 538 extends between the point 554 and the bottom end 544.

{0196}  The characteristics of the stent 530 are determined using the determined
diameters, lengths and angles described above, as described below. The stent 530 is to

10  be inserted into the subject so that the top end 540 of the stent be aligned with the
inflection point of the suprarenal segment identified by visual marker 432, the left
bottom cnd 542 of the stent 530 be aligned with the reference point identificd by visual
marker 442 and the right bottom end 544 of the stent 530 be aligned with the reference
point identified by the visual marker 446.

15 [0197}  The suprarenal neck angle and the infrarenal neck angle for the neck of the
stent 530 are chosen to be equal to the suprarenal neck angle and the infrarenal neck

angle, respectively, determined for the neck of the aneurysm.

10198} The diameter of the stent 530 at the top end 540 1s chosen based on the
diameter of the aorta determined at the inflection point of the suprarenal segment
20 identified by the visual marker 432 and the diameter of the bottom of the neck 550 of
the stent 530, i.¢. the diameter at point 550, is chosen based on the diameter determined
for the bottom of a neck of the aneurysm identified by the visual marker 422. In one
cmbodiment, the diamcter of the stent 530 at the top end 540 is choscn to be cqual to
the diameter of the aorta determined at the inflection point of the suprarenal segment.
25 In another embodiment, the diameter of the stent 530 at the top end 540 1s chosen to be
slightly larger than the diameter of the aorta determined at the inflection point of the
suprarenal segment. For example, the diameter of the stent 530 at the top end 540 is
chosen to be about 20% larger than the diameter of the aorta determined at the inflection
point of the suprarenal segment. Similarly, in one embodiment, the diameter of the
30 boutom of the neck 550 of the stent 530 1s chosen Lo be equal Lo the diameter determined
for the bottom of a ncck of the ancurysm. In anothcr cmbodiment, the diamcter of the

bottom of the neck 550 of the stent 530 is chosen to be slightly larger than the diameter
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determined for the bottom of a neck of the aneurysm. For example, the diameter of the
bottom of the neck 550 of the stent 530 is chosen to be about 20% larger than the

diameter determined for the bottom of a neck of the ancurysm.

[60199]  In onc cmbodiment, the diamcter of the neck 532 varics along the length
5  thereof so that the neck 532 is provided with a flared shape.

10200} The length of the neck 532 of the stent 530 is chosen to be equal to the
determined distance between the inflection point of the suprarenal segment identified
by the visual marker 432 and the bottom of a neck of the aneurysm identified by

reference point 422.

10 0201} The diameter of the left leg 536 at the left bottom end 542 is chosen based
on the diamcter of the left common iliac artcry determined at reference point 442 and
the diameter of the left leg 536 at the point 552 is chosen based on the diameter of the
left common iliac determined at reference point 440. In one embodiment, the diameter
of the left leg 536 at the left bottom end 542 is chosen to be equal to the diameter of the

15  left common iliac artery determined at reference point 442. In another embodiment, the
diameter of the left leg 536 at the left bottom end 542 is chosen to be slightly larger
than the diameter of the left common iliac artery determined at reference point 442. For
example, the diameter of the left leg 536 at the left bottom end 542 is chosen to be about
20% larger than the diameter of the left common iliac artery determined at reference

20  point 442 Similarly, the diameter of the left leg 536 at the point 552 may be chosen to
be equal to the diameter of the left common iliac determined at reference point 440. In
another embodiment, the diameter of the left leg 536 at the point 552 is chosen to be
slightly larger than the diamcter of the left common iliac detcrminced at reference point
440. For example, the diameter of the left leg 536 at the point 552 may be chosen to be

25  about 20% larger than the diameter of the left common iliac determined at reference

point 440.

{0202}  In one embodiment, the diameter of the left leg 536 varies along the length
thereof so that the left leg 536 is provided with a flared shape.

10203} The length of the landing arca of the left leg 536 of the stent 530 is chosen
30 to be equal to the determined distance between the reference points identified by visual

marker 440 and 442.
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10204]  The diameter of the right leg 538 at the right bottom end 544 is chosen based

on the diameter of the right common iliac artery determined at reference point 446 and

the diameter of the right leg 538 at the point 554 is chosen based on the diameter of the

right common iliac determined at reference point 444. In one embodiment, the diameter

5  ofthc right lcg 538 at the right bottom cnd 544 is choscn to be cqual to the diamcter of
the right common iliac artery determined at reference point 446. In another
embodiment, the diameter of the right leg 538 at the right bottom end 544 is chosen to

be slightly larger than the diameter of the right common iliac artery determined at
reference point 446. For example, the diameter of the right leg 538 at the right bottom

10 end 544 is chosen to be about 20% larger than the diameter of the right common iliac
artery determined at reference point 446. In one embodiment, the diameter of the right

leg 538 at the point 554 is chosen to be equal to the diameter of the right common iliac
determined at reference point 444. In another embodiment, the diameter of the right leg

538 at the point 554 is chosen to be slightly larger than the diameter of the right common

15  iliac determined at reference point 444, For example, the diameter of the right leg 538
at the point 554 is chosen to be about 20% larger than the diameter of the right common

iliac determined at reference point 444,

[6205] In one embodiment, the diameter of the right leg 538 varies along the length
thercof so that the right leg 538 is provided with a flared shape.

20 |0206]  The length of the landing area of the right leg 538 of the stent 330 is chosen
to be equal to the determined distance between the reference points identified by visual

marker 444 and 446.

[02077] In onc cmbodiment, the diamcter of the body 534 of the stent 530 is chosen
to be equal to the determined diameter for the bottom of the neck identified by the visual

25 marker 422.

[0208] In one embodiment, the length of the body 534 of the stent 530, i.e. the
distance between the bottom end 550 of the neck 532 and the bifurcation point 546, 1s
predefined or selected according to characteristics of the subject such as the height of
the subject. In this case, the length of the left leg 536 is determined using the length of
30  the body 534 and the determined fourth length described above. The length of the right
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leg 538 of the stent 530 is determined using the length of the body 534 and the
determined fifth length described above.

[0209] In another embodiment, the length of the body 534 of the stent 530 is chosen
to be at most cqual to a predetined maximal length. For examplc, the length of the body
5 5334 may be chosen to be comprised between the distance between the bottom of the
neck identified by the visual marker 422 and the bottom of the aneurysm identified by
the visual marker 436 and the distance between the bottom of the neck identified by the
visual marker 422 and the bifurcation point identified by the visual marker 438 while

being less than the predefined maximal length.

10 (0210} In one embodiment, once the charactenistics for the stent has been
dcterminced, the mcthod 430 further compriscs a processing stcp of gencrating a 3D
model of a stent 530 based on the determined characteristics, generating an image of a
stent 530 bascd on the 3D modecl of the stent and combining the image of the stent with
the image 400 of the anatomy to allow the user see the stent 530 in situ. For example,

15  the image of the stent 530 may be superimposed on the image 400 as illustrated in
Figure 15. In this case, the image of the stent 330 is superimposed on the image 400 so
that the top end 532 of'the stent 530 be aligned with the inflection point of the suprarenal
segment identified by the visual marker 432 in the image 400, the left bottom end 542
of the stent 530 be aligned with the reference point on the left common iliac artery

20  identified by the visual marker 442 and the right bottom end 544 of the stent 530 be
aligned with the reference point on the right common iliac artery identified by the visual

marker 446.

[0211] In onc cmbodiment, the imagc of the stent and the image 400 arc 3D imagces
so that the combined image is also a 3D image. In one embodiment, the user is allowed
25 to manipulate the 3D combined image, ¢.g., the user may rotate, enlarge and/or the like
the 3D combined image. The user may also move one image relative to the other, e.g.,
the user may move the image of the stent relative to the image 400 within the combined

image.

[0212] In one embodiment, predefined different stents and/or predefined stent pieces
30 are stored in a database cach along with a respective image. A stent piece may

correspond to a neck of a stent, a body of a stent, a leg, an assembly comprising a body
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and a leg of a stent, and/or the like. When the database comprises stent pieces, a stent
is designed by selecting different stent pieces that when assembled together, form a
stent of which the characteristics substantially correspond to the determined
characteristics. For example, the database may comprise a first set of predefined stent
5  nccks, a sccond sct of predefined stent bodics, a third sct of left lcgs and a fourth sct of
right legs. In this case, a stent is designed by selecting a given neck from the first set, a
given body from the second set, a left leg from the third set and a right leg from the
fourth set, based on the determined characteristics for the stent, so that the selected
neck, body, left leg and night leg form together a selected stent of which the

10 characteristics substantially correspond to the determined characteristics for the stent.

[0213]  In an embodiment in which the database comprises predefined stents, each
predefined stents s provided with a respective gcomcetry and a respective configuration.
The method 300 comprises the processing step of selecting amongst the predefined
stent, a given stent based on the determined characteristics for the stent, e.g., selecting
15  the predefined stent of which the characteristics correspond the most to the detcrmined
characteristics for the stent. The given selected predefined stent corresponds to the
predetined stent of which the characteristics best match the determined characteristics
for the stent 530. The image corresponding to the selected predefined stent is retrieved
from the database and combined with the image 400 of the anatomy before being

20  provided for display to the user.

[0214]  In an embodiment in which the database comprises predefined stent pieces,
the method 300 compriscs the processing step of selecting amongst the predefined
pieces, the given pieces that best match the characteristics determined for the stent 530.
For cxamplc, a given neck is sclected amongst predefined nccks bascd on the
25 characteristics determined for the neck 532 of the stent 530, i.e., the given predefined
neck of which the characteristics best match the determined characteristics for the neck
5321s chosen. A body, aleft leg and a right leg are also selected based on the determined
characteristics for the stent 530. The images associated with the selected stent bodies
arc retricved from the database and combined together to form the image of a stent

30  which is combined with the image 400 before being displayed to the user.
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{0215}  In one embodiment, the selection of the adequate stent pieces amongst the
database is performed using an adequate machine leaming algorithm trained for this

purpose, or any other adequate artificial intelligence technique.

[6216] It should bc undcerstood that the detcrmined characteristics for the stent 530

5  are outputted. For example, they may be stored in memory.

{0217] In one embodiment, the image of the stent displayed to the user is interactive,
i.e. the user may modify the image in order to modify the characteristics of the stent
530. Upon modification of the image of the stent 530 by the user, the characteristics of

the stent 530 are automatically updated.

10 0218} It should be understood that any adequate 3D model of the anatomy of a
subjcct comprising at lcast a portion of a suprarcnal scgment of a thoracic aorta, an
aneurysm on an infrarenal segment of the thoracic aorta, an aortic bifurcation and at
least a portion of a left common iliac artery and a right common iliac artery may be
used. For example, the 3D model of the anatomy may be a 3D mesh model, a RAW

15 map, a strain map, an anatomy map, an ILT map, a growth map or the like obtained

from medical images taken by a medical imaging apparatus.

10219} In one embodiment, the user may switch from one model to another and the
markers present in the initial model are reproduced on the second model at the exact
same position. For example, the displayed image 400 may be the 3D mesh model of an
20  aorta. The user then selects to display the RAW map for the same aorta. The markers
present on the 3D mesh model and selected by the user are then reproduced on the RAW

map at the exact same location.

[0220] Medical Imaging Apparatus

[0221] The medical imaging apparatus is configured to infer alia (i) acquire,
25  according to acquisition parameters, one or more images comprising the anatomy of a

given subject during a cardiac cycle; and (ii) transmit the images to a database.

[6222] The medical imaging apparatus may comprise one of: a computed
tomography (CT) scanner, a magnetic resonance imaging (MRI) scanner, a ultrasound

and the like.
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10223] In some embodiments of the present technology, the medical imaging
apparatus may comprise a plurality of medical imaging apparatuses, such as on¢ or
more of a computational tomography (CT) scanner, a magnetic resonance imaging

(MRI) scanner, a ultrasound, and the like.

5 }0224] The medical imaging apparatus may be configured with specific acquisition

parameters for acquiring images of the patient comprising the aorta of the patient.

[0225]  As anon-limiting example, in one or more embodiments where the medical
imaging apparatus is implemented as a CT scanner, a CT protocol comprising pre-
operative retrospectively gated multidetector CT (MDCT - 64-row multi-slice CT

10 scanner) with variable dose radiation to capture the R-R interval may be used.

[0226]  As anothcr non-limiting cxamplc, in onc or morc cmbodiments where the
medical imaging procedure comprises a MRI scanner, the MR protocol can comprise
steady state T2 weighted fast field echo (TE = 2.6 ms, TR = 5.2 ms, flip angle 110
degree, fat suppression (SPIR), echo time 50 ms, maximum 25 heart phases, matrix 256
15 x 256, acquisition voxel MPS (measurement, phase and slice encoding directions)
1.56/1.56/3.00 mm and reconstruction voxel MPS 0.78/0.78/1.5), or similar cine

acquisition of the portion of aorta under study, axial slices.

[0227] In one or more embodiments, the medical imaging apparatus is part of a
Picture Archiving and Communication System (PACS) for storing and retrieving
20  medical images together with the workstation computer and other electronic devices

such as the server 230.

|0228] Mesh Acquisition Procedure

[0229] The mesh acquisition procedure is configured to acquire a 3D mesh of the
aorta of the patient having been generated based on a multislice image stack acquired

25 by a medical imaging apparatus.

[6230] In one or more embodiments, the mesh acquisition procedure generates the

3D mesh of the anatomy of the patient.
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{0231}  In one or more other embodiments, the 3D mesh of the anatomy may have
been generated by another electronic device, and the mesh acquisition procedure may

obtain the 3D mesh from the electronic device (not depicted).

[0232] In onc or morc cmbodiments, the mesh acquisition procedurc uscs a 3D mesh
5  having been generated as an intermediate step during a generation procedure. For
example, the generation procedure may have been used to generate, based on the
multiphase image stack , one or more of: a strain map (including the strain heterogeneity
map and the strain/relative deformation map), a regional aortic weakness (RAW) map,

an intraluminal thrombus (ILT) map, and a calcification distribution map.

10 [0233] Map Generation Procedure

10234} The gencration procedure reccives the multiphasc image stack of a given
patient. The multiphase image stack comprises images of an anatomy of a patient
having been acquired during a cardiac cycle, the patient suffering from an aortic

aneurysm.

15 |0235] In one or more embodiments, the multiphase image stack is received from

the medical imaging apparatus 210 and/or the workstation computer 215.
[0236] Strain map

{0237} Thc gencration proccdurc gencrates, bascd on the multiphasc stack 410, a

strain map.

20 [0238] In one or more embodiments, to generate the pre-surgical strain map based
on the medical images, the generation procedure uses the methods and systems
disclosed in PCT Patent Application No. PCT/IB2020/059018 filed on September 25,

2020 by the same applicant, the entirety of which is incorporated herein by reference.
102391  Strain/relative deformation map

25  [0240] In one or more embodiments, the generation procedure generates, based on

the strain map, a strain and relative deformation map.

[0241] The strain and relative deformation map comprise measurcs of local

deformation of the aortic wall during the cardiac cycle.
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10242]  The strain relative deformation map is used evaluate the strain in the aorta
relative to “healthier” regions, to show areas of relative strength or weakness in order

to support decision for optimal stent placement.

[0243]  Strain heterogeneity map

h

|0244] In one or more embodiments, the generation procedure generates, based on

the strain map, a strain heterogeneity map.

{0248}  The strain heterogeneity map 1s indicative of alevel of heterogeneity in strain
distribution in the aorta, and shows regions where strain varies compared to other

regions, and where the regions may be determined based on different strain ranges.

10 0246} The strain heterogeneity map is used to evaluate the level of heterogeneity
of the strain distribution (i.e., very heterogencous regions may affect the stent sealing

and placcment).
10247] Regional aortic weakwess (RAW) map

10248]  The generation procedure generates, based on the multiphase image stack, a

15 RAW map.

[0249] In one or more embodiments, to generate the pre-surgical RAW map based
on the medical images, the genecration procedure uses the mcethods and systems
disclosed in PCT Patent Application No. PCT/IB2020/059018 filed on September 25,

2020 by the same applicant, the entirety of which is incorporated herein by reference.

20 [0250] In one or more alternative embodiments, the pre-surgical RAW map may be

optional .
{02511  Calcification distribution map and Intraluminal thrombus thickness map

[0252] The generation procedure accesses the set segmentation ML models. The
segmentation ML models are used to detect calcium deposits within the aorta, iliac
25 arteries, the lumen, and remaining tissues including wall and intraluminal thrombus
(ILT) in the medical images of each patient. The choice of reference points may be

optimized to avoid calcium deposits.
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[0253] In one or more embodiments, to detect the aorta, iliac arteries, the lumen, and
remaining tissues including wall and intraluminal thrombus (ILT) in medical images,
the generation procedure uses the methods and systems disclosed in U.S. Provisional

Patent Application Serial No. 63/152,105 filed on February 22, 2021, by the same

5 applicant, thc centircty of which is incorporatcd herein by reference.

{0254]  The generation procedure generates, using the set of segmentation ML
models 280, based on the multiphase stack, an intraluminal thrombus thickness (ILT)

map and calcification distribution map.

[0255] In one or more alternative embodiments, the aortic wall weakness values at
10 the sealing zones may be obtained without using the pre-surgical RAW map. As a non-
limiting cxample, in cmbodiments where the pre-surgical RAW map is not uscd, the
aortic wall weakness values at the sealing zones may be received from another

clecctronic device.

[0256] In one or more other embodiments, the 3D mesh and one or more of the
15 regional aortic weakness (RAW) map, the strain heterogeneity map, the strain/relative
deformation map, the intraluminal thrombus thickness (ILT) map and the calcification
distribution map may be generated by one or more other electronic devices executing

the generation procedure and then received by the mesh acquisition procedure.

[0257] In one or more alternative embodiments, the mesh acquisition procedure
20  outputs the 3D mesh and one or more of the regional aortic weakness (RAW) map, the
strain heterogeneity map, the strain/relative deformation map, the intraluminal

thrombus thickness (ILT) map and the calcitfication distribution map.

10258] It should be understood that the above-described method and system may be
uscd for designing other type of stents. For example, they may be uscd for designing
25  the stent for a thoracic aortic ancurysm illustrated in Figure 16. In this case, the method

comprises the steps of:

providing for display a first image of a 3D model of at least a portion of the

thoracic aorta:
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receiving a position for each one of a plurality of reference points chosen

along the thoracic aorta;

inserting in the first image a visual marker at the position of each reference

point, thercby obtaining a sccond imagc;

h

providing the second image for display;

for each reference point, calculating a respective diameter;

calculating at least one length using the positions of the reference points;
optionally calculating a curvature of thoracic aorta; and

outputting the calculated diameters, the calculated length(s) and optionally

10  the curvature.

{0259}  The method further comprises generating an image of the stent using the
calculatcd paramcters and combining the image of the stent with the image of the

thoracic aorta before display.

{0260} It should be expressly understood that not all technical effects mentioned
15  herein need to be enjoyed in each and every embodiment of the present technology. For
example, embodiments of the present technology may be implemented without the user
enjoying some of these technical effects, while other non-limiting embodiments may

be implemented with the user enjoying other technical effects or none at all.

j0261]  Modifications and improvements to the above-described implementations of
20  the present technology may become apparent to those skilled in the art. The foregoing

description is intended to be exemplary rather than limiting.
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CLAIMS

What is claimed is:

1. A computer-implemented method for designing a stent, the computer-

implemented method comprising:

providing for display a first image of a 3D model of a body part of a subject, the
body part comprising at least an infrarenal segment of a thoracic aorta, an aneurysm on
the infrarenal segment of the thoracic aorta, an aortic bifurcation and at least a portion

of a left common iliac artery and a right common iliac artery;

receiving a position for each one of a plurality of reference points, the reference
points comprising at least an inflection point of the suprarenal segment, a bottom of a
neck of the aneurysm, a bottom of the aneurysm, a first point and a second point on the

left common iliac artery and a first and a second point on the right common iliac artery;

mserting in the first image a visual marker at the position for cach reference

point, thereby obtaining a second image;
providing the second image for display;
for each reference point, calculating a respective diameter;

calculating a first length of the neck using the position of the inflection point of
the suprarenal segment and the position of the bottom of a neck of the aneurysm, a
second length of a left landing area using the position of the first point and second
points on the left common iliac artery, a third length of a right landing area using the
position of the first point and second points on the right common iliac artery, a fourth
length of a left leg of the stent and a fifth length of a right leg of the stent using the

position of some of the reference points;

calculating a suprarenal neck angle using the position of the inflection point of
the suprarenal segment and the position of the bottom of the neck of the aneurysm, and
an infrarenal neck angle using the position of the bottom of the neck of the aneurysm

and the position of the bottom of the aneurysm; and
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outputting the respective diameter for each reference point, the first, second,

third, fourth and fifth lengths, the suprarenal neck angle and the infrarenal neck angle.

2. The computer-implemented method of claim 1, wherein the fourth length is
determined using the position of one of the inflection point and the bottom of the neck
and the position of one of the first point and the second point on the left common iliac
artery, and the fifth length is determined using the position of one of the inflection point
and the bottom of the neck and the position of one of the first point and the second point

on the right common iliac artery.
3. The computer-implemented method of claim 2, further comprising:

generating an image of a stent using the respective diameter for cach reference
point, the first, second, third, fourth and fifth lengths, the suprarenal neck angle, the
infrarenal neck angle and a given predefined length for a body of the stent;

combining the image of the stent on the image with the first image, thereby

obtaining a further image; and
providing the further image for display.

4. The computer-implemented method of claim 1, further comprising receiving a
position of a bifurcation point between the left and right common iliac arteries, and

calculating and outputting a diameter of the infrarenal segment at the bifurcation point.

5. The computer-implemented method of claim 4, further comprising determining
a sixth length using the position of one of the inflection point and the bottom of the
neck and the position of the bifurcation point, said calculating the fourth length being
performed using the position of the bifurcation point and the position of one of the first
point and the second point on the left common iliac artery, and said calculating the fifth
length being performed using the position of the bifurcation point and the position of
one of the first point and the second point on the right common iliac artery.

6. The computer-implemented method of claim 5, further comprising:

generating an image of a stent using the respective diameter for each reference
point, the first, second, third, fourth, fifth and sixth lengths, the suprarenal neck angle
and the infrarenal neck angle;
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combining the image of the stent on the image with the first image, thereby

obtaining a further image; and
providing the further image for display.

7. The computer-implemented method of any one of claims 1 to 6, further

comprising:
receiving a new position for the visual marker;

moving the visual marker at the new position within the second image, thereby

obtaining an updated image;
providing the updated image for display;

calculating a further diameter at the new position; and

outputting the further diameter.
8. The computer-implemented method of any one of claims 1 to 7, further
comprising:

generating a reference image of the body part, the reference image comprising
at least a portion of a stylized infrarenal segment of the thoracic aorta, a stylized
aneurysm, a stylized aortic bifurcation and at least a portion of a first stylized common

iliac artery and a second stylized common iliac artery;

inserting a visual indicator for each one of the plurality of the reference points

within the reference image; and
providing the reference image for display.

9. The computer-implemented method of any one of claims 1 to §, further

comprising for each one of the first and second common iliac arteries:
receiving a respective iliac point;
calculating a respective curvature angle at the respective iliac point; and

providing the respective curvature angle for display.
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10.  The computer-implemented method of claim 3, wherein said generating the

image of the stent comprises:
accessing a database comprising predefined stent pieces;

selecting adequate stent picces amongst the predefined stent pieces using the
respective diameter for each reference point, the first, second, third, fourth and fifth
lengths, the suprarenal neck angle, the infrarenal neck angle and the given predefined
length for the body of the stent, the adequate stent pieces forming together the stent;

and

generating the image of the stent using images of the adequate stent pieces.
11. A system for designing a stent, the system comprising:

a processor; and

a non-transitory computer readable storage medium comprising instructions

stored thereon;
the processor, upon execution of the instructions, being configured for:

providing for display a first image of a 3D model of a body part of a subject, the
body part comprising at least an infrarenal segment of a thoracic aorta, an aneurysm on
the infrarenal segment of the thoracic aorta, an aortic bifurcation and at least a portion

of a left common iliac artery and a right common iliac artery;

receiving a position for each one of a plurality of reference points, the reference
points comprising at least an inflection point of the suprarenal segment, a bottom of a
neck of the aneurysm, a bottom of the aneurysm, a first point and a second point on the

left common iliac artery and a first and a second point on the right common iliac artery;

inserting in the first image a visual marker at the position for each reference

point, thereby obtaining a second image;
providing the second image for display;

for each reference point, calculating a respective diameter;
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calculating a first length of the neck using the position of the inflection point of
the suprarenal segment and the position of the bottom of a neck of the aneurysm, a
second length of a left landing area using the position of the first point and second
points on the left common iliac artery, a third length of a right landing area using the
position of the first point and second points on the right common iliac artery, a fourth
length of a left leg of the stent and a fifth length of a right leg of the stent using the

position of some of the reference points;

calculating a suprarenal neck angle using the position of the inflection point of
the suprarenal segment and the position of the bottom of the neck of the aneurysm, and
an infrarenal neck angle using the position of the bottom of the neck of the aneurysm

and the position of the bottom of the aneurysm; and

outputting the respective diameter for each reference point, the first, second,

third, fourth and fifth lengths, the suprarenal neck angle and the infrarenal neck angle.

12.  The system of claim 11, wherein the fourth length is determined using the
position of one of the inflection point and the bottom of the neck and the position of
one of the first point and the second point on the left common iliac artery, and the fifth
length is determined using the position of one of the inflection point and the bottom of
the neck and the position of one of the first point and the second point on the right

common iliac artery.
13.  The system of claim 12, further comprising:

generating an image of a stent using the respective diameter for each reference
point, the first, second, third, fourth and fifth lengths, the suprarenal neck angle, the
infrarenal neck angle and a given predefined length for a body of the stent;

combining the image of the stent on the image with the first image, thereby

obtaining a further image; and
providing the further image for display.

14,  The system of claim 11, further comprising receiving a position of a bifurcation
point between the left and right common iliac arteries and calculating and outputting a

diameter of the infrarenal segment at the bifurcation point.
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15.  The system of claim 14, further comprising determining a sixth length using the
position of one of the inflection point and the bottom of the neck and the position of the
bifurcation point, said calculating the fourth length being performed using the position
of the bifurcation point and the position of one of the first point and the second point
on the left common iliac artery, and said calculating the fifth length being performed
using the position of the bifurcation point and the position of one of the first point and

the second point on the right common iliac artery.
16.  The system of claim 15, further comprising:

generating an image of a stent using the respective diameter for each reference
point, the first, second, third, fourth, fifth and sixth lengths, the suprarenal neck angle

and the infrarenal neck angle;

combining the image of the stent on the image with the first image, thereby

obtaining a further image; and
providing the further image for display.

17.  The system of any one of claims 11 to 16, further comprising:
receiving a new position for the visual marker;

moving the visual marker at the new position within the second image, thereby

obtaining an updated image;
providing the updated image for display;
calculating a further diameter at the new position
providing the further diameter for display.
18.  The system of any one of claims 11 to 17, further comprising:

generating a reference image of the body part, the reference image comprising
at least a portion of a stylized infrarenal segment of the thoracic aorta, a stylized
aneurysm, a stylized aortic bifurcation and at least a portion of a first stylized common

iliac artery and a second stylized common iliac artery;
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inserting a visual indicator for each one of the plurality of the reference points

within the reference image; and
providing the reference image for display.

19.  The system of any one of claims 11 to 18, further comprising for each one of

the first and second common iliac arteries:
receiving a respective iliac point;
calculating a respective curvature angle at the respective iliac point; and
providing the respective curvature angle for display.

20. The system of claim 13, wherein said gencrating the image of the stent

comprises:
accessing a database comprising predefined stent pieces;

selecting adequate stent pieces amongst the predefined stent pieces using the
respective diameter for each reference point, the first, second, third, fourth and fifth
lengths, the suprarenal neck angle, the infrarenal neck angle and the given predefined
length for the body of the stent, the adequate stent pieces forming together the stent;

and

generating the image of the stent using images of the adequate stent pieces.
21. A system for designing a stent, the system comprising:

a processor; and

a non-transitory computer readable storage medium comprising instructions

stored thereon;
the processor, upon execution of the instructions, being configured for:

providing for display a first image of a 3D model of at least a portion of a body

part comprising an aneurysm;

receiving a position for each one of a plurality of reference points chosen along

the body part;
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inserting in the first image a visual marker at the position of each reference

point, thereby obtaining a second image;
providing the second image for display;
for each reference point, calculating a respective diameter;
calculating at least one length using the positions of the reference points; and

outputting the respective diameter and at least one length.
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