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KEY FRAME IDENTIFICATION FOR INTRAVASCULAR ULTRASQOUND
BASED ON PLAQUE BURDEN

CROSS-REFERENCE TO RELATED APPLICATIONS
[6081] This application claims the benefit of U.S. Provisional Patent Application
Serial No. 63/4006,361 filed on September 14, 2022, the disclosure of which is

mcorporated herein by reference.

TECHNICAL FIELD
[3082] The present disclosure generally relates to intravascular ultrasound (IVUS}

imaging system. Particularly, but not exclusively, the present disclosure relates to

wdentifying key {rame markers using the plague burden represented in TVUS images

BACKGROUND

[6003] Ultrasound devices insertable into patients have proven diagnostic
capabihities for a variety of diseases and disorders. For example, intravascalar
wltrasound (IVUS) imaging systems have been used as an imaging modality {or
diagnosing blocked blood vessels and providing information to aid roedical
practitioners in selecting and placing stents and other devices to restore or 1ncrease
blood flow.

[6004] TVUS imaging systems includes a control module {with a puise generator, an
image acquisition and processing components, and a monitor), a catheter, and a
transducer disposed in the catheter. The transducer-containing catheter is positioned
in a fumen or cavity within, or in proximity to, a region (o be imaged, such as a blood
vessel wall or patient tissue in proximity 1o a blood vessel wall. The pulse generator
in the control module generates electrical pulses that are delivered to the transducer
and transformed to acoustic pulses that are transmoitied through patient tissue. The
patient Gissue {or other siructure) reflects the acoustic pulses and reflected pulses are
absorbed by the transducer and transformed to electric pulses. The transformed
eleciric pulses are delivered to the image acquisttion and processing components and

converted into images displavable on the monitor.
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[6005] However, it can be difficult for physicians to visualize the complete
structure of the patient lumen {e.g., vessel) from the raw IVUS images. For example,
it is difficult to determine an overall plague burden, the appropriate size of stent
{e.g., diameter and/or length) 1o use in correcting any sirictures in the lumen, as well
as the location to land the stent. Thus, there here 15 a need for syvstems and methods
1o process, annotate, visualize, and/or display images of g tumen of a patient based

on FVUS 1mages.

BRIEF SUMMARY
[B006] This Summary is provided 1o introduce a selection of concepis in a
simplified form that are further described below in the Detailed Description. This
Suromary 15 not intended to necessarily identify key features or essential features of
the claimed subject matier, nor is it intended ag an aid in determining the scope of
the claimed subject matter.
[B007]  In general, the present disclosure provides 1o process raw {VUS images,
automatically detected lumen and vessel borders, and identify regions of interest, or
more particularly, starting and ending poinis between which include frames of
interast in a series of IVUS images.
[6008] In some implementations, the present disclosure be embodied as a method,
for example, a method for an intravascular ultrasound (IVUS) imaging system,
comprising receiving a series of intravascular vltrasound (IVUS) images of a vessel
of a patient, the series of [VUS images comprising a proximal IVUS frame, a distal
IVUS frame, aond a plurality of interior IVUS frames; determining a raw lumen area
represented in each of the plurality of interior IVUS frames; generating, for each of
the plurality of intertor IVUS frames, a smooth lumen area based on a sampling filter
and the lumen area; identifying as a smooth himen frame, the one of the plurality of
interior [IVUS frames having a smooth humen area less than or equal to the least
smooth lumen area of the plurality interior IVUS frames; selecting a subset of the
plurality of interior IVUS frames, the subset of interior IVUS frames comprising the
smooth humen frame and at least one other of the plurality of interior IVUS frames,

wherein the smooth lurnen frame and the at least one other of the plurality of interior
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IVUS frames are co-linear; and identifving as a munimum key frame, the one of the
subset of the plurality of interior IVUS frames having a raw lumen area less than or
equal to the lumen area of the subset of the plurality interior IVUS frames.

[0009]  Alternatively, or additionally in any of the embodimenis of a method above,
the subset of the plurality of mterior IVUS frames comprises 21 frames.

[6010] Altematively, or additionally in any of the embodiments of a method above,
the subset of the plurality of interior IVUS frames comprises ones of the series of
[VUS images representing a distance along the vessel.

[6011] Alternativelv, or additionallv in any of the embodiments of a raethod above,
the distance 15 less than or equal to 2 nullimeters.

[6012] Altemnatively, or additionally 1n any of the embodiments of a method above,
the interior IVUS frames are disposed between the proximal IVUS frame and the
distal IVUS frame.

[6013] Alternatively, or additionally in any of the embodiments of a method above,
the series of IVUS images comprise a plurality of IVUS image frames and the
method can comprise designating the first frame in the series of IVUS images as the
distal kev frame; and designating the last frame 1o the series of ITVUS images as the
proximal key frame.

[0014] Alternativelv, or additionally any of the embodiments of a wethod above can
comprise recewving, from an 1oput device, an indication of the proximal IVUS frame
and the distal IVUS frame.

[6018] Altemnatively, or additionally 10 any of the ernbodiments of a method above,
the series of IVUS images comprise a plurality of IVUS image frames and wherein
identifying as the smooth lumen frame, the one of the plurahity of mterior IVUS
frames having a smooth lumen area less than or equal to the smooth lumen area of
the plurality interior IVUS frames can comprise designating each one of the
plurality IVUS images disposed between the proximal IVUS {rame and the distal
IVUS frame as interior IVUS frames; 1identifying the least smooth lumen area of the
plurality of interior IVUS frames; identifving the one or more of the plurality of

intertor IVUS frames having a smooth tumen area equal to the least smooth lumen
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area; and designating a one of the identifiad one or more of the plurality of interior
IVUS frames disposed central to the proximal IVUS frame and the distal IVUS frame
as the nuninuim smooth lumen frame.

[6016] Altemnatively, or additionally in any of the embodiments of a method above,
the sampling filter comprises a first samphing filter and the method can comprise
generating, for each of the plurality of TVUS 1mages, a smoother lumen area based
on a second sampling filter and the smooth humen area, wherein the second sampling
filter 15 different than the first sampling filter.

[6017] Altemnatively, or additionally 10 any of the ernbodiments of a method above,
the series of IVUS 1mages comprise a plurality of IVUS image frames and the
method can comprise identifying an initial proximal search frame and an initial distal
search frame; identifyving an IVUS image frame from the one of the plurality of
IVUS image frames located between the initial proximal search frame and the initial
distal sgarch frame having the smallest smoother lumen area; identifving, as a central
search frame, the one of the plurality of IVUS 1mage frames located within a first
distance of the TVUS image frame having the smallest raw lursen area; wdentifving,
as the distal key frame, the one of the plurality of IVUS umage frames located within
a second distance distal from the central search frame having a smooth plague burden
and a raw plague burden less than a threshold value; and 1dentifying, as the proximal
key frame, the one of the plurality of IVUS image frames located within the second
distance proximal from the central search frame having a smooth plaque burden and
a raw plaque burden less than the threshold value.

[6018] Altemnatively, or additionally in any of the embodiments of a method above,
the threshold value is between 40 and 60 percent.

[6019] Altematively, or additionally in any of the embodiments of a method above,
the second distance is less than or equal to 5 mullimeters.

[0028]  Alternatively, or additionally in any of the embodiments of a method above,
the first distance 1s less thao or equal to 1 millimeter.

[6023] In some implementations, the present disclosure be embodied as an

apparatus, comprising a processor of an intravascular ultrasound (JVUS) imaging
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system coupled t0 a memory, the memory comprising instructions executable by the
processor, the processor configured to execute the instructions, which instructions
when executed cause the processor to implement the method of any combination of
the examples above.

[6022] In some implementations, the present disclosure can be embodied as at least
one machine readable storage device, comprising a plurality of instructions that in
response to being executed by a processor of an intravascular sltrasound (IVUS)
imaging system cause the processor to implement the method of any combination of
the examples above.

[6023] Insome implernentations, the present disclosure be embodied as an
apparatus for an intravascular ultrasound (FVUS) itmaging system, comprising
circuitry o couple 10 an indravascular ultrasound (IVUS) system; a memory device
storing instructions; and a processor coupled to the circuitry and the memory device,
the processor configured to execute the instructions, which when executed cause the
computing apparatus to: recgive a serigs of intravascular ultrascund (FVUS) images
of a vessel of a patient, the serigs of IVUS images comprising a proximal I'VUS
frame, a distal IVUS frame, and a plurality of interior IVUS frames; deternune a raw
lumen area represented in each of the plurality of interior IVUS frames; generate, for
each of the plurality of interior IVUS frames, a smooth lumen area based on a
sampling filter and the lumen area; identifv as a smooth lumen frame, the one of the
plurality of interior IVUS frames having a smooth lumen area less than or equal to
the least smooth fumen area of the plurality interior IVUS frames: select a subset of
the phurality of mmterior IVUS frames, the subset of interior IVUS frames comprising
the smooth lumen {rame and at least one other of the plurality of interior IVUS
fraroes, wherein the smooth humen fraroe and the at least one other of the plurality of
mnterior IVUS frames are co-linear; and identify as a miniroum key frame, the one of
the subset of the plurality of nterior IVUS frames having a raw lurnen area less than

or equal to the lumen area of the subset of the plurality interior IVUS frames.

[6024] Alternatively, or additionally in any of the embodiments of an apparatus

above, the subset of the plurality of interior IVUS frames comprises 21 frames.
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16025] Alternatively, or additionally in any of the embodiments of an apparatus
above, the subset of the plurality of interior IVUS frames comprises ones of the
series of IVUS images represent a distance along the vessel.

[6026] Alternatively, or additionally in anv of the embodiments of an apparatus
above, the disiance is less than or equal to 2 miliimeters.

[6027] Altemnatively, or additionally 1n any of the embodiments of an apparatus
above, the nterior IVUS frames are disposed between the prosimal IVUS frame and
the distal FVUS frame.

[3028] Altemnatively, or additionally in any of the embodimenis of an apparatus
above, the series of IVUS images comprise a plurality of IVUS image fraroes and the
memory device can further comprise mstructions that when executed by the
processor cause the IVUS imaging svstem fo designate the first frame in the series of
IVUS images as the distal key frame; and designate the last frame in the series of
IVUS images as the proximal key frame.

[6029] Alternatively, or additionally in anv of the embodiments of an apparatus
above, the memory device can further comprise instructions that when execuied by
the processor cause the IVUS 1imaging system to receive, from an input device, an
indication of the proximal IVUS frame and the distal IVUS frame.

[6030] Altemnatively, or additionally 10 any of the emmbodiments of an apparatus
above, the series of IVUS images comprise a plurahity of IVUS image frames and
wherein identifving as the smooth lumen frame, the one of the plurality of wnterior
IVUS frames having a smooth lumen area less than or equal to the smooth lumen
area of the plurality mterior IVUS frames comprises: designate each one of the
plurality IVUS images disposed between the proximal IVUS frame and the distal
IVUS frame as interior IVUS frames; identify the least smooth lumen area of the
plurality of interior IVUS frames; identifyv the one or more of the plurality of interior
IVUS frames having a smooth lumen area equal to the least smooth humen area; and
designate a one of the identified one or more of the plurality of interior IVUS frames
disposed central to the proximal TVUS frame and the distal IVUS frame as the

minimum smooth lumen frame.
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[6031] Alternatively, or additionally in any of the embodiments of an apparatus
above, the sampling filter comprises a first sampling filter, the instructions when
executed cause the computing apparatus o generate, for each of the plurality of
IVUS images, a smoother lumen area based on a second sampling filter and the
smooth lumen area, wherein the second sampling filter is different than the first
sampling filter.

[3032] Alternatively, or additionally in anv of the embodiments of an apparatus
above, the series of IVUS images comprise a plurality of IVUS image frares and the
meroory device can further comprise wstructions that when executed by the
processor cause the IVUS imaging system to identify an initial proximal search
frame and an inttial distal search frame; identify an IVUS image frame from the one
of the plurality of IVUS image frames located between the imtial proximal search
frame and the initial distal search frame having the smallest smoother lumen area;
identify, as a central search frame, the one of the plurality of IVUS image frames
located within a first distance of the TVUS image frame having the smallest raw
lumen area; identidy, as the distal key frame, the one of the plurality of IVUS 1mage
frames located within a second distance distal from the central search frame having a
smooth plague burden and a raw plaque burden less than a threshold value; and
identify, as the proximal kev frame, the one of the plurality of IVUS 1mage frames
focated within the second distance proximal from the ceniral search frame having a
smooth plague burden and a raw plaque burden less than the threshold value.

[6033] Alternatively, or additionally in any of the embodiments of an apparatus
above, the threshold value 1s between 40 and 60 percent.

[8034] Alternatively, or additionally in any of the embodiments of an apparatus
above, the first distance is less than or equal {0 1 millimeter {mm) and the second
distance is tess than or equal to 5 mm.

[6038] In some implernentations, the present disclosure be embodied as at least one
machine readable storage device, comprising a plurality of 1ostructions that o
response to being executed by a processor of an intravascular ultrasound (IVUS)
imaging system cause the processor to receive a series of intravascular ultrasound

(VUS) images of a vessel of a patient, the series of IVUS images comprising a
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proximal IVUS frame, a distal IVUS frame, and a plurality of interior IVUS frames;
determine a raw lumen area represented in each of the plurality of interior IVUS
frames; generate, for each of the phurality of interior IVUS frames, a smooth lumen
area based on a sampling filter and the lumen area; identify as a smooth lumen
frarse, the one of the plurality of interior IVUS frames having a swooth humen area
gss than or equal {o the least smooth humen area of the plurality interior IVLS
fraroes; select a subset of the plurality of interior IVUS frames, the subset of wterior
IVUS frames comprising the smooth lumen frame and at least one other of the
plurality of interior IVUS frames, wherein the smooth lumen frame and the at least
one other of the plurality of interior IVUS frames are co-linear; and identify as a
minimum key frame, the one of the subset of the plurality of interior IVUS frames
having a raw lumen area less than or equal to the humen area of the subset of the
plurality interior T'VUS frames.

[6036] Altemnatively, or additionally in any of the embodiments of an at least one
machine readable storage device above, the subset of the plurality of interior IVUS
fraroes coraprises 21 fraroes.

[6037] Alternativelv, or additionallv in any of the embodiments of an at least one
machine readable storage device above, the subset of the plurality of interior IVUS
frames comprises ones of the series of IVUS images represent a distance along the
vessel.

{60381 Altematively, or additionally 1n any of the embodiments of an at least one
machine readable storage device above, the distance is less than or equal to 2
millimeters.

[6039] Alternatively, or additionally in any of the embodiments of an at least one
machine readable storage device above, the mterior IVUS frames are disposed
between the proximal IVUS frame and the distal IVUS frame.

(0040 Alternatively, or additionally in any of the embodiments of an at least one
machine readable storage device above, the series of IVUS images comprise a
plurality of TVUS 1roage frames and the instructions in response to being executed by

the processor can further cause the processor o designate the first frame in the series
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of IVUS 1mages as the distal key frame; and designate the last frame in the series of
IVUS images as the proximal key frame.

{6041 Altematively, or additionally 1n any of the embodiments of an at least one
machine readable storage device above, the insiructions in response 1o being
executed by the processor can further cause the processor to receive, from an input
device, an indication of the proximal IVUS frame and the distal IVUS frame.

[6042] Altemnatively, or additionally in any of the embodiments of an at least one
machine readable storage device above, the series of IVUS 1mages comprise a
plurality of IVUS mmage frares and wherein wdentifving as the smooth humen frame,
the one of the plurality of interior IVUS frames having a smooth lumen area less than
or equal to the smooth humen area of the plurality interior IVUS frames comprises:
designate each one of the plurality IVUS 1images disposed between the proximal
IVUS frame and the distal IVUS frame as interior IVUS frames; identify the least
smooth lumen area of the plurality of interior IVUS frames; ideniify the one or more
of the plurality of interior IVUS frames having a smooth lumen area equal to the
least smooth fumen area; and designate a one of the identified one or more of the
plurality of interior IVUS frames disposed ceniral to the provimal [VUS frame and

the distal IVUS frame as the minimum smooth lumen frame.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[6043] To easily identify the discussion of any element or act, the most sigmficant
digit or digits 10 a reference number refer to the figure number 1o which that element
1s first introduced.

{0044] FIG. 1 llustrates an aspect of the subject matter in accordance with one
embodiment.

{6048] FIG. 2 1llustrates an aspect of the subject matier in accordance with one
embodiment.

[6046] FIG. 3A illusirates an aspect of the subject matier in accordance with one
embodiment.

[6047] FIG. 3B illustrates an aspect of the subject matier in accordance with one

embodiment.
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10048] FIG. 4 illustrates FVUS images visualization system 400, 1n accordance with
embodiment(s) of the present disclosure,

[6049] FIG. 5 dlustrates an aspect of the subject matier in accordance with one
embodiment.

[60580] FIG. 6 illustrates an aspect of the subject matter in accordance with one
embodiment.

[B0581] FIG. 71llustrates an aspect of the subject matier in accordance with one
embodiment.

[6052] FIG. B illustrates an aspect of the subject matter in accordance with one
embodiment.

[3083] FIG. 91llustrates an aspect of the subject matier in accordance with one
embodiment.

[6054] FIG. 10 dlustrates an aspect of the subject matter 1n accordance with one
embodiment.

1605858] FIG. 11 illustrates a computer-readable storage medium 1100 in accordance
with one embodiment.

[B086] FIG. 12 iHustrates a diagrammatic represeniation of a machine 1200 in the
form of a computer system within which a set of instructions may be executed for
causing the machine to perform any one or more of the methodologies discussed

herein, according to an example embodiment.

DETAILED DESCRIPTION

[6087] The foregoing has broadly outlined the features and technical advantages of
the present disclosure such that the following detailed deseniption of the disclosure
may be better understood. H 18 1o be apprecialed by those skilled in the art that the
embodiments disclosed may be readily utilized as a basis for roodilving or designing
other structures for carryving out the sarne purposes of the present disclosure. The
novel features of the disclosure, both as to iis organization and operation, together
with further objects and advantages will be better understood from the following

description when considered in connection with the accompanving figures. It is to be
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expressly inderstood, however, that each of the figures is provided for the purpose of
iHustration and description and is not intended as a definition of the limuts of the
present disclosure.

[B088]  As noted, the prasent disclosure relafes to IVUS images and humens {(e.g.,
vessels) of patients and o processing an IVUS recording, or said differently,
processing a sertes of IVUS images. As such, an example IVUS imaging system,
patient vessel, and series of IVUS images is described.

[6059] Suutable IVUS 1maging systerns include, but are not limtted to, one or more
transducers disposed on a disial end of g catheter configured and arranged for
percutaneous sertion into a patient. Examples of IVUS imaging systems with
catheters are found in, for example, U 8. Pat. Numbers 7,246 959; 7,306,561, and
6,945 938 as well as U S, Patent Application Publication Numbers 2006/0100522;
2006/010632¢; 2006/0173350; 2006/0253028; 2007/0016054; and 2007/0038111; all
of which are incorporated herein by reference.

[6060] FIG. 1 iliustrates one embodiment of an IVUS imaging svstem 100. The
IVUS imaging system 100 inchudes a catheter 102 that 18 couplable to a control
system 104, The control system 104 may include, for example, a processor 106, a
pulse generator 108, and a drive unit 110, The pulse generator 108 forms electric
pulses that may be oput to one or more transducers (not shown} disposed in the

catheter 102.

[G061] With some embodiments, mechanical energy from the drive unit 110 can be
used to drive an imaging core {also not shown) disposed 1n the catheter 102, In at
east some embodiments, electric signals transmitted from the one or more
transducers may be input to the processor 106 for processing. In at least some
embodiments, the processed electric signals from the one or more transducers can be
used to form a series of images, described in more detail below. For example, a scan
converter can be used 1o map scan line samples {e.g., radial scan line samples, or the
like) to a two-dimensional Cartesian grid, which can be used as the basis for a series

of IVUS images that can be displayed for a user.

il
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10062] In at least some embodiments, the processor 106 may also be used to control
the functioning of one or more of the other components of the control system 104,
For example, the processor 106 may be used to conirol at least one of the frequency
or duration of the electrical pulses transmitted from the pulse generator 108, the
rotation rate of the imaging core by the drive unit 110, Additionally, where IVUS
imaging sysiem 100 is configured for automatic pullback, the drive unit 110 can
countrol the velocity and/or length of the puliback.

[3063] FIG. 2illustrates an image 200 of a vessel 202 of a patient. As described,
IVUS imaging sysiems {e.g., IVUS imaging system 160, or the like) are used to
capture a serigs of images or a “recording”™ or a vessel, such as, vesgel 202, For
example, an IVUS catheter (e.g, catheter 102} 15 inserted into vessel 202 and a
recording, or a series of IVUS images, is captured as the catheter 102 13 pulled back
from a distal end 204 to a proximal end 206. The catheter 102 can be pulled back
manually or automatically (e.g., under control of drive unit 110, or the hke).

[B064] FIG. 3A and FIG. 3B iHustrates two-dimensional (2D representations of
IVUS images of vessel 202, For example, FIG. 3A illustrates TVUS images 300a
depicting a longitudinal view of the IVUS recording of vessel 202 between proximal
end 206 and distal end 204,

[6065] FIG. 3B illustrates an image frame 300b depicting an on-~-axas (or short axis}
view of vessel 202 at point 302, Said differently, image frame 300b 15 a single frame
or single image from a series of IVUS images that can be captured between distal
end 204 and proximal end 206 as described hergin. As introduced above, the present
disclosure provides sysiems and techniques {o process raw IVUS images to identify
regions of interest, such as, for example starting and ending points between which
nclude frames of interest in a series of IVUS images.

[6066] For example, IVUS images 300a depicts an entire sertes of IVUS images
taken of vessel 202 between distal end 204 and proximal end 206, However, not all
these iroages roay be of interest to a physician. The present disclosure provides to
identify “key frames" such as, a proximal key frame and a distal key frame as well as

a munimum key frame.
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16067) FIG. 4 illustrates an IVUS images visualization system 400, according to
some embodiments of the present disclosure. In general, IVUS images visualization
system 400 is a system for processing, annoiating, and presenting IVUS images.
IVUS 1mages visualization svstem 400 can be implemented in a commercial IVUS
guidance or navigation sysiem, such as, for example, the AVVIGO ® (wndance
Svystem available from Boston Scientific ®. The present disclosure provides
advantages over prior or conventional IVUS navigation systems in that the automatic
detection of key frames will reduce the time needed for patients to be in treatment.
For example, the present disclosure can be implemented in an IVUS navigation
system used in a percutaneous coronary intervention (PCHY. The disclosure can he
provided to provide a physician rapidly and awtomatically with information including
graphical information elements that provide more information than the raw IVUS
images alone. This information {e.g., key frame identification and graphical
representation) can be determined automatically as part of g pre-PCI, peri-PIC, or
post-PCI while the user (¢.g., physician, or the like) 15 using the system and while the
patient 18 in treatment. For example, where the physician is placing a stent, the
present disclosure can be used to present images to the physician {e.g., on a display)
and provide a navigation framework for the physician to identify the type. sive, and
tocation of the stent more quickly and eastly. Thereby reducing the time in which the
patient 15 under treatment.

[6068] With some embodiments, IVUS images visualization system 400 could be
implemented as part of control system 104, Alternatively, control system 104 could
be implemented as part of IVUS images visualization system 400, As depicted, IVUS
images visualization system 400 includes a computing device 402, Optionally, IVUS
images visualization system 400 includes IVUS imaging svstem 100 and display 404
[6069] Computing device 402 can be any of a variety of computing devices. In
some ermmbodiments, coraputing device 402 can be incorporated nto and/or
implemented by a console of display 404 With some embodiments, computing
device 402 can be a workstation or server communicatively coupled to IVUS
imaging system 100 and/or display 404, With still other embodiments, computing

device 402 can be provided by a cloud based computing device, such as, by a
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computing as a service svstem accessibly over a network {e.g., the Internet, an
urranet, a wide area network, or the like). Computing device 402 can include
processor 406, memory 408, input and/or output (1/0) devices 410, network interface
412, and IVUS 1maging system acguistiion circuitry 414,

{3078] The processor 406 may include circuity or processor logic, such as, for
example, any of a variety of commercial processors. In some examples, processor
406 may mclude multiple processors, a mulii-threaded processor, a multi-core
processor {whether the multiple cores coexist on the same or separate dies), and/or a
multi~-processor architecture of some other variety by which multiple physically
separate processors are in some way linked. Additionally, in some examples, the
processor 406 may include graphics processing portions and may include dedicated
memory, multiple-threaded processing and/or some other paraliel processing
capability. In some examples, the processor 406 may be an application specific
integrated circuit (ASIC) or a field programmable integrated circwt (FPGA).

[3371] The memory 408 may include logic, a portion of which inchudes arrays of
integrated circunts, forming non-volatile memory o persistently store data or a
combination of non-volatile memory and volatile memory. It is to be appreciated,
that the memory 408 may be based on anv of a variety of techuologies. Tu particular,
the arravs of integrated circuits included in memory 120 may be arranged to form
one or more tvpes of memory, such as, for example, dvnamic random access memaory
{(DRAM}, NAND memory, NOR memory, or the like.

[6072] /0O devices 410 can be any of a variety of devices {o receive input and/or
provide cutput. For example, VO devices 410 can include, a keyboard, 2 mouse, a
joystick, a foot pedal, a display, a touch enabled display, a haptic feedback device,
an LED, or the like.

[6073] Network interface 412 can include logic and/or features to support a
coramunication interface. For example, network interface 412 may nchude one or
more interfaces that operate according to various communication protocols or
standards to coramunicate over direct or network comununication links, Direct
communications may occur via use of communication protocols or standards

described in one or more industry standards {including progenies and vartanis}). For
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example, network interface 412 may facilitate conmuunication over a bus, such as,
for example, peripheral compounent interconnect express (PCle), non-volatile
memory express {(NVMae), universal serial bus (USB), system management bus
{8MBus), SAS (e.g., serial attached small computer system interface (SCKI))
mterfaces, serial AT attachment (SATA) mmterfaces, or the like. Additionally,
network interface 412 can mclude logic and/or features to enable communication
over a variety of wired or wireless network standards {e.g., 502. 11 coromunication
standards}. For example, network interface 412 may be arranged 1o support wired
cormmunication protocols or standards. such as, Ethernet, or the like. As another
example, network interface 412 may be arranged to support wireless communication
protocols or standards, such as, for example, Wi-Fi, Blugtooth, ZigBee, LTE, 54, or
the like.

[6074] The IVUS imaging system acquisition circuiiry 414 may include circuity
mcluding custom manufactured or specially programmed circuitry configured to
receive or receive and send signals between IVUS fmaging systern 100 including
mdications of an IVUS run, a senes of {VUS images, or a frame or frames of IVUS
images.

[B078] Memory 408 can include 1nstructions 416, During operation processor 406
can execute insiructions 416 to cause compuiing device 402 to receive {e.g., from
IVUS imaging systern 100, or the like) a recording of an “IVUS run” and store the
recording as IVUS images 418 in memory 408. For example, processor 406 can
execute instructions 416 1o receive information elements from IVUS imaging system
100 comprising indications of TVUS images captured by catheter 102 while being
pulled back from distal end 204 to proxamal end 206, which images comprising
indications of the anatonmy and/or structure of vessel 202 including vessel walls and
plaque. 1t 1s to be appreciated that IVUS images 418 can be stored in a variety of
image formats or even non~-image formats or data structures that comprise ndications
of vessel 202, Further, IVUS images 418 includes several “frames” or individual
images that, when represented co-linearly can be used to form an image of the vessel

202, such as, for example, as represented by IVUS tmages 300a and/or 300b.
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16076] The present disclosure provides to process IVUS images to identify key
frames from the frames in IVUS images 418, For example, the present disclosure
provides to identify a distal kev frame 420, a proximal kev frame 422, and a
minimum kev frame 424, Processor 406 can execute instructions 416 to identify the
minimiim kev frame 424, In some instances, processor 406 can execute instructions
416 to further identify the distal key frame 420 and/or the proximal key frame 422,
However, with other mstances, processor 406 can execute instructions 416 1o receive
an indication {e.g.. via /O devices 410, or the like) of the distal key frame 420
and/or proximal key frame 422, In some embodiments, processor 406 can execute
instructions 416 to identify distal key frame 420, proximal kev frame 422, and
minimum key frame 424. Subsequently, processor 406 can execute instructions 416
to receive an indication of an updated distal key frame 420 and/or proximal kev
frame 422 and can re-identify minimuim kev {rame 424 based on the updated distal
key frame 420 and/or proximal key frame 422 as outlined herein

[6877] In general, processor 406 can execute instructions 416 to identify the key
fraroes based on the raw lumen boundaries as wel as srooothed lumen boundaries.
More specifically, processor 406 can execute 1ostructions 416 to deternune raw
fumen area 426 for frames in IVUS 1mages 418, Further, processor 406 can execute
instructions 416 to determine a smooth lumen area 428 from raw lumen area 426.
With some embodiments, the smooth lumen area 428 can be determined based on a
moving average filter or an n-sample median filter. As a specific example, processor
406 can execute insiructions 416 to determine smooth lumen area 428 based on a 21-
sample median filter applied to IVUS images 418 and raw lumen area 426, Further,
with some embodiments, smooth lumen area 428 can be determuned based on a {irst
filter and a second filter where the first filter 15 an n-sarople median filter, and the
second filter s an n-distance median filier. This 1s described 1o greater detail below.
Howaver, in general, where IVUS images 418 are captured via a manual pullback
operation, smooth lumen area 428 can be determined based on a single filter (2.2, n-
sample median filter). Conversely, where IVUS images 414 are captured via an
automatic pullback operation, smooth lumen area 42% can be determined based on

multiple filters (e.g., n-sample median filter and n-distance median filter).
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16078] Processor 406 can execute instructions 416 {0 determine a minimum region
subset of IVUS images 430 from the frames in IVUS images 418 located co-linearly
between the distal key frame 420 and the proximal key frame 422 by identifving a
smooth lumen frame 432 based on the smooth lumen argas 428 and then identify the
minimim kev frame 424 from the {rames in the minimum region subset of IVUS
images 430 based on the raw lumen area 426, This provides an advantage in that
errors 1o processing IVUS images 418 and determining raw lumen area 426 {e.g..
automaiic border detection errors, or the hike) do not lead to mus-ideniification of
minimum key frame 424

16079] In some embodiments, processor 406 can execute instruciions 416 1o
wdentify the distal key frame 420 and the proximal key frame 422 based on a plaque
burden, or rather, a ratio of raw lumen area 426 1o vessel area 434, In such examples,
processor 406 can execute instructions 416 to determine vessel area 434 for frames
in IVUS images 418 and determune the distal key frame 420 and the proximal key
frarses 422 based on a ratio of raw lumen area 426 over vessel area 43 or of the
smoath lumen areas 428 over the smooth vessel areas 436, This is described o
greater detatl below,

(G080 FIG. 3 iHustrates a togic flow 500 to identify Key frames from an IVUS
recording, according to some embodiments of the present disclosure. The logic flow
500 can be implemented by IVUS images visualization system 400 and will be
described with reference to IVUS images visualization system 400 for clarity of
presentation. However, it 1s noted that logic flow 500 could also be implemented by
an IVUS guidance system different than TVUS images visualization svstem 400,
[0081] Logic flow SO0 can begin at block S02. At block 502 “receive a series of
ntravascular ultrasound (IVUS) tmages of a vessel of a patient” a series of IVUS
images captured via an IVUS catheter percutaneously inserted in a vessel of a patent
can be received. For example, information elernents coraprising indications of [VUS
images 418 can be received from IVUS imaging system 100 where catheter 102 15
{or was) percutaneousiy inserted into vessel 202, The IVUS images 418 can
comprise frames of images representative of images captured while the catheter 102

is pulled back from distal end 204 to proximal end 206. Processor 406 can execute
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mstructions 416 to recetve information elements comprising indications of IVUS
images 418 from IVUS 1maging system 100, or directly from catheter 102 as may be
the case.

[6082] Continuing to biock 504 “determine a lumen area representad in each of the
IVUS images™ a lumen area represented in each frame of the IVUS images can be
determined. For example, the raw lumen area 426 represented in each frame of the
IVUS images 418 can be deternuned. Processor 406 can execute instructions 416 to
determine raw lurnen area 426 for IVUS umages 418, Further, with some
embodiments, at block 504 processor 406 can execute instructions 416 to determine
vessel area 434 for IVUS 1mages 418,

[3083] For example, FIG. 6 illustrates an image 600 showing an on-axis view of a
frame of IVUS 1mages 418 depicting a portion of vessel 202, Vessel area 434 and
raw lumen area 426 can be determined for the portion of vessel 202 represented in
the depicted frame. Continuing to block 506 “smooth the raw lumen area™ the raw
lumen areas can be smoothed. For example, the raw humen areas can be smoothed. In
some embodiments, processor 406 can execule instruciions 416 to delermine smooth
lumen areas 428 based on raw lumen areas 426 and an n-sample median filter.
Smooth humen areas 4728 can be based on a 21 -sample median filter apphed to raw
tumen areas 426. With other embodiments, processor 406 can execute instructions
416 1o determine smooth lumen areas 428 based on raw lumen areas 426 and an n-
sample median filter as well as an n-distance median filter. For example, smooth
lumen areas 428 can be determined from raw lumen areas 426 and an n-sample
median {ilter {e.g., 21-sample, or the like}. Subsequently, “smoother” smooth humen
argas 428 can be deternuned from the smoooth lumen areas 428 and an n-distance
median {ilier. The n-disiance median filter can be a 1 millimeter (mm} median filter,
a 2 mm median filter, a 3 nun median filter, or a 4 mm median filter, It 15 noted that
the “smoother” smooth lurnen areas 428 can be used where the IVUS images 418 are
hased on an automatic pullback I'VUS run.

{0084] Continuing to decision block 508 “distal and proximal kev frames known” a
determination of whether the distal key frame 420 and proximal key frame 422 are

known is made. For example, processor 406 can execute instructions 416 to
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determine whether indications of the distal key frame 420 and proximal key frame
422 have been receivad {e.g.. via /O devices 410, or the like}. From decision block
508, logic flow 500 can continue 1o either block 510 or proceed to block 512, Logic
flow 500 can continue from decision block 508 to block 51¢ basedon a
determination at decision block 508 that the distal key {rame 420 and proximal key
frame 422 are unknown while logic flow 500 can proceed from decision block 308 to
block 512 based on a deternunation at decision block 5308 that the distal key frame
420 and proxiroal key frame 422 are known.

[B083] At block 310 “identify distal key frame and/or proximal key {rame” the
distal kev frame 420 and/or the proximal key frame 422 can be deternuned. In some
examples. both the distal key frame 420 and the proximal key frame 422 can be
determined at block 510. In some instances, an indication of one of the key frames
{e.g., distal kev frame 420 or proximal key frame 422) may have been received and
as such, the other key frame can be identified af block 510, In general, the distal key
frarmse 420 and the proximal key frame 422 can be identified based in part on the
smooth lumen area 428, However, specific examples of determining the distal kev
frare 420 and the proximal key frame 422 are provided below. For exarople, FIG. 7
and FIG. 8 depict logic flows 700 and 800, respectively, which can be implemented
to identity the distal key frame 420 and the proximal kev frame 422 for IVUS images
418 captured based on a manual pullback IVUS nun {e.g., logic flow 700} or an
auiomatic pullback IVUS run {e.g., logic flow 800},

[6086] Continuing to block 312 “identify a smooth lumen frame from the IVUS
images” a frame from the series of [IVUS 1mages can be identified and designated as
the smooth lumen frame. For example, processor 406 can execute instructions 416 to
identify smooth lurnen frame 432 from IVUS images 418 based on the distal key
fraroe 420, proxiroal key frame 422, and smooth lumen areas 428 of each IVUS
images 418, With some embodiments, processor 406 can execute instructions 416 to
identify the frame of IVUS images 418 located between distal key frame 420 and
proximal kev frame 422 that has the smallest smooth lumen area 428 Where

multipie frames of IVUS images 4138 all have equal smooth lumen argas 428, which
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are the smallest smooth lumen area 428, processor 406 can 1dentify the middle frame
as the smooth lumen frame 432.

I6087] Continuing to biock 514 “identifv a subset of the IVUS 1mages, the subset
comprising the smooth humen frame and a number of co-linear frames™ a subset of
the IVUS images can be identified. More particularly, the muinimum region subset of
IVUS images 430 can be deternuned from IVUS 1mages 418 based on the smooth
tumen frame 432, For exarmple, processor 406 can execute wstructions 416 to
wentity several frames of IVUS images 418 (at least 2, at least 11, several frames
representing a selected distance along vessel 202, or the like) that are co-hnearly
located with the smooth lumen frame 432.

[B088] With some embodiments, for example, where IVUS tmages 418 are captured
hased on a manual pullback IVUS run, processor 406 can execute instructions 416 {0
identify the minimuom region subset of IVUS images 430 based on identifying (or
designating, marking, or flagging) the smooth lumen frame 432 as well as the m
{e.g., 10, between 5 and 15, or the like) frames co~-linearly distal and co-linearly
proximal 1o the smooth humen frame as the minimum region subset of IVUS 1images
430,

[6089] In some embodiments, for example, where IVUS images 418 are captured
hased on an automatic pullback 'VUS run, processor 406 can execuie instruciions
416 to 1dentify the mimumum region subset of IVUS images 430 based on identifying
{or designating, marking, or flagging) the smooth lumen frame 432 as well as the
frames from IVUS images 418 that are captured within x distance (e.g., 1 mm, 1.5
mm, 2mm, between 0.5 and 2 mm, or the like} of the smooth lumen frame 432 as the
minimum region subset of IVUS images 430,

[6098] In some embodiments, where the distal key frame 420 or the proxamal key
frame 422 would be identified as being included in the minmimum region subset of
IVUS images 430, the minuroum region subset of IVUS 1mages 430 can be truncated
to the {rame just distal to the proxiroal kev frame 422 or just proxamal to the distal

kev frame 420.

20



WO 2024/059140 PCT/US2023/032642

[6091] Continuing to block 516 “identify a munimum key frame from the subset of
the plurahity of IVUS images™ the frame with the smallest lumen area, or the
minimum kev frame, can be identified from the subset of the IVUS images and the
raw fumen areas. For example, the minimum kev frame 424 can be identified from
the smooth lumen frame 432 based on the raw lumen areas 426, Processor 406 can
execute msiructions 416 to identify the frame from within the mimmuom region
subset of IVUS troages 430 that has the smallest raw lumen area 426,

[0092] FIG. 7 illustrates the logic flow 700, which can be implernented to wdentify
the distal key frame 420 and/or the proximal key frame 422 for IVUS iroages 418
captured based on a manual IVUS run. As noted above, with some embodiments,
logic flow 500 can implement fogic flow 700 at block 516. Logic flow 700 can begin
at block 702. At block 702 “identify the first frame in the recording as the distal key
frame™ the first frame in the IVUS recording can be designated or identified as the
distal key frame. For example, processor 406 can execute insiractions 416 to identify
the first frame of the IVUS images 418 as the distal kev {rame 420. Continuing o
block 704 “identify the last frame in the recording as the proximal key frame” the
last frame 10 the IVUS recording can be designated or identified as the proximal key
frame. For example, processor 406 can execute instructions 416 to identify the last

frame of the IVUS images 418 as the proximal kev frame 422.

[6093] FIG. 8illustrates the logic flow 800, which can be implemented to identify
the distal kev frame 420 and/or the proximal key frame 422 based on the smooth
humen area 428 for IVUS images 418 captured based on a manual IVUS run. As
noted above, with some embodiments, logic flow 500 can implement logic flow 800
at block 510. Logic flow 800 can begin at block 802, At block 802 “identify an
initial distal search frame” an 1otial distal search frame can be identified. For
example, processor 406 can execute instructions 416 o identify an inmbial distal
search frame ag either (1) the first frame in the series of IVUS images 418 or (2) the
most distal frame in the series of IVUS images 418 where the smooth lumen area 428
fess than or equal to the smooth lumen area 428 of the next distal frame plus 0.5

i’nil’l2 .
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[6094] Continuing to block 404 “identify an initial proximal search frame” an
mitial proximal search frame can be identified. For example, processor 406 can
exgcute instructions 416 to identify an mitial proximal search frame as the frame that
is most distal to {1) a specified distance {e.g., 1 mm, 1.1 mm, between ¢.5 mm and
1.5 wim, or the hike} distal to the last {rame in the sertes of IVUS 1images 418, (2} the
most proximal frame prior to the start of the guide catheter, or (3) consecutive frames
with descending smooth lumen areas 428,

[6098] Continuing to block 806 “identily, as the ceuntral search frame, the frame
between the initial proximal and disial search {rames with the smallest raw lumen
area located within a first distance from the frame with the smallest smooth lumen
area’” a central search frame can be identified as the frame between the initial
proximal and distal search frames with the smallest raw lumen area located within a
first distance from the frame with the smallest smooth fumen area. For example,
processor 406 can execute instructions 416 to identify and designate as the central
search frame the frame with the smallest raw lumen area 426 located within the first
distance {e.g.. 1 nup, 1.1 mm, between 0.5 mm and 1.5 nun, or the like) of the frame
located between the mitial proximal and distal search frarnes with the smallest
smooth lumen area 428, As noted above, in some examples, the smooth lumen area
can be determined based on multiple types of sampling filters. Said differently, a
smooth lumen area mayv be determined, and a smoother lumen area may be
determined. With some examples, the central search frame identified at block 806
can be identified based on the smoother lumen area and the raw lumen area as
described above.

[6096] Continuing o block 808 “smooth the vessel area” the vessel area can be
smoathed. For example, the processor 406 can execute instructions 416 to deternmune
the smooth vessel areas 436 based on vessel areas 434 and an n-sample median filter.
Continuing to block 810 “identify, as the distal and proxiroal kev frames, the frames
at least a second distance away from the central search frame with a smoothand a
raw plague burden less than or equal to a threshold™ the distal and proximal key
frames can be identified as the most proximate frames to the central search frame

having a smooth and a raw plague burden lass than or equal to 50%. Processor 406
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can execute mstructions 416 to 1dentify the distal key frame 420 as the frame at least
a spectfied distance distal 1o the ceniral search frame that has a smooth plaque
burden (e.g., smooth lumen area 428 over smooth vessel area 436) less than or equal
1o a threshold {e.g., 50%, 60%, between 40 and 60%, or the like). In some examples,
processor 406 can execute instructions 416 to determine that no frame distal o the
ceniral search frame has a raw and smooth plague burden less than or equal to 50%
and in such a case identify the initial distal search frame as the distal key {rame 420
[B097]  Similarly, processor 406 can execute mstructions 416 to identify the
proximal kev {rame 422 as the frame at least a specified distance proximal to the
centiral search frame that has a smooth plaque burden {e.g., smooth fumen area 428
over smooth vessel area 436) less than or equal to a threshold (e g.. 50%, 60%,
between 40 and 60%, or the like}. In some examples, processor 406 can execute
instructions 416 to determine that no frame proximal o the central search frame has
a raw and smooth plague burden less than or equal 10 50% and in such a case identify
etther (1} the last frame in the run or (2} the frame just distal to the guide catheter,
whichever 1s more distal, as the proxiroal key frame 422

[6098] FIG. 9illustrates an annotated image Y00 representative of an annotation of
the image 200 depicting vessel 202, according 1o some embodiments of the present
disclosure. As described herein, the present disclosure provides systems and
techniques to automatically {e.g . without user input) identify key frames such as, the
distal kev frame 420, proximal key frame 422, and minimum key frame 424, With
some examples, an image of the vessel 202 of the patient can be annotated with
indications of the kev frames as well as the start frames of the IVUS nun. For
example, processor 406 can execute instructions 416 to generate a graphical
inforration element to be rendered and displaved on display 404 that represents
annotated age Y00, As depicted, the annotated image 900 includes a depiction of
the vessel 202, the distal end 204, the proximal end 206, the distal key frame 420, the
proximal kev frame 422, and the nusimum key frame 424

16099] FIG. 10 illustrates graphical element 1000, which can be generated and
presented to a user according to some embodiments of the present disclosure.

Processor 406 can execute mstructions 416 to generate the graphical element 1000
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including a cartoon depiction of the vessel area 434 and the raw lumen area 426 as
well as the distal key frame 420, proximal key frame 422, and miniroum key frame
424,

[31803]  Annotated image 900 depicted in FIG. 9 and/or graphical element 1000
depicted in FIG. 10 can be generated by IVUS images visualization system 400 and
displayed on displav 404 as part of a PCI as outlined above.

[6161] FIG. 11 Hlustrates computer-readable storage medium 1100, Computer-
readable storage medium 1100 may comprise any nou-trausitory computer-readable
storage medium or machine-readable storage medium, such as an optical, magnetic
or semiconductor storage medium.  In various embodiments, computer-readable
storage medium 1100 may comprise an articie of manufacture. In some
embodiments, computer-readable storage medium 1100 may store computer
executable instructions 1102 with which circuitry {e.g., processor 106, processor
406, IVUS 1imaging system acquusition circuitry 414, and the like} can execute. For
example, computer executable instructions 1102 can include instructions to
implement operations described with respect to instructions 416, logic flow 500,
togic flow 700, logic flow 800, annotated 1image 900, and/or graphical element

1000, Examples of computer-readable storage medium 1100 or machine-readable
storage medium may include any fangible media capable of storing electronic data,
including volatile memory or non-volatile memory, removable or non-removable
memory, erasabie or non-erasable memory, writeable or re-writeable memory, and so
forth. Examples of computer execuiable instructions 1102 may include any suitable
tvpe of code, such as source code, compiled code, interpreted code, executable code,
static code, dynamic code, object-oriented code, visual code, and the like.

[0102] FIG. 12 iHlustrates a diagrammatic representation of a machine 1200 in the
form of a computer syster within which a set of instructions mayv be executed for
causing the machine to perform any one or more of the methodologies discussed
herein. More specifically, FIG. 12 shows a diagrammatic representation of the
machine 1200 in the example form of a computer svstem, within which instructions
1208 (e.g., software, a program, an application, an applet, an app. or other exacutable

code) for causing the machine 1200 to perform any one or more of the methodologies
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discussed herein may be executed. For example, the instructions 1208 may cause the
machine 1200 to execuie logic flow 500 of FIG. 5, logic flow 700 of FIG. 7, logic
flow 800 of FIG. 8, or the like. More generally, the instructions 1208 may cause the
machine 1200 to automatically determine kev frames durning a pre-PCH, peri-PCL, or
posi-PCI using IVUS. 1t is noted that the present disclosure provides specific and
discrete implementations of identifving kev {rames (e.g., distal key frame 420,
proxiroal key frame 422, and/or romnumuro key frame 424) which 1s a significant
improvement over the prior art. In particular, the present disclosure provides ao
improvement to computing technology in that kev frames {(e.g., particularly the
minimum kev frame 424) 1s identified while an IVUS imaging system is in use and
can be re-identified based on updated factors (e.g., a user moving the distal key
frame 420 or proximal key frame 422).

[3183] The mstructions 1208 transform the general, non-programmed machine 1200
into a particular machine 1200 programmed to carry out the described and illustrated
functions in a specific manmer. In alternative embodimenis, the machine 1200
operates as a standalone device or may be coupled {e.g.. networked) to other
machines. Io a networked deplovment, the machione 1200 may operate in the
capacity of a server machine or g chient machine in g server-client network
environment, or as a peer machine in a peer-to-peer {or distributed) network
environment. The machine 1200 may comprise, but not be limited to, a server
computer, a client computer, a personal computer (PC), a tablet computer, a lapiop
computer, a netbook, a set-top box (§8TB}, a PDA, an entertainment media system, a
cellular telephone, a smart phone, a mobile device, a wearable device (e.2., a smart
watch), a smart home device {e.g., a smari appliance), other smart devices, a web
appliance, a network router, a network switch, a network bridge, or any machine
capable of executing the instructions 1208, sequentially or otherwise, that specify
actions to be taken by the machine 1200, Further, while only a single machine 1200
is illustrated, the term “machine” shall also be taken 1o include a collection of
machines 1200 that individually or jointly execute the instructions 1208 to perform

any one or more of the methodologies discussed herein.
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{0104] The machine 1200 may include processors 1202, memory 1204, and /O
components 1242, which may be configured to communicate with each other such as
via a bus 1244, In an exampie embodiment, the processors 1202 {e.g., a Central
Processing Unit (CPU)}, a Reduced Instruction Set Computing (RISC) processor, a
Complex Tnstruction Set Computing {(CISC) processor, a Graphics Processing Unit
(GPU}, a Dugtial Signal Processor (SP), an ASIC, a Radio-Frequency Integrated
Circuit (RFIC), another processor, or any suifable combination thereof) may include,
for example, a processor 1206 and a processor 1210 that mayv execute the mstructions
1208, The term “processor’ is infended to include multi-core processors that may
comprise two or more independent processors {sometimes referred to as “cores”) that
may execute instructions contemporanecusty. Although FIG. 12 shows muitiple
processors 1202, the machine 1200 may include a single processor with a single core,
a single processor with multiple cores (g.g., a multi~-core processor), muliiple
processors with a single core, multiple processors with mudtiples cores, or any
combination thereof

[3108] The memory 1204 may include a main roemory 1212, a static memory 1214,
and a storage unit 1216, both accessible o the processors 1202 such as via the bus
1244. The main memory 1204, the static memory 1214, and storage unit 1216 store
the instructions 1208 embodving any one or more of the methodologies or functions
described herein. The instructions 1208 may also reside, completely or partially,
within the main memory 1212, within the static memory 1214, within machine-
readable medium 1218 within the storage unit 1216, within at feast one of the
processors 1202 {e.g., within the processor’s cache memory), or any suitable
combination thereof, during execution thereof by the machine 1200.

[0166] The /O components 1242 may include a wide variety of components o
receive inpul, provide output, produce oulput, transmit information, exchange
information, capture measurements, and so on. The specilic VO coraponents 1242
that are imncluded in a particular machine will depend on the type of machine. For
example, portable machines such as mobile phones will likely include a touch input
device or ather such input mechanisms, whiie a headless server machine will likely

not include such a touch input device. It will be appreciated that the /O components
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1242 may include many other components that are not shown in FIG. 12, The VO
components 1242 are grouped according to functionality merely for simplifying the
following discussion and the grouping is in no way limiting. In various example
embodiments, the /0 components 1242 may include output components 1228 and
input components 1230, The output components 1228 may mchade visual
components {e.g., a display such as a plasma display panel (PDP), a light emutiing
diode (LED) display, a liquid crystal display (LCD), a projector, or a cathode ray
tube (CRTY), acoustic components {e.g., speakers), haptic components {e.g., a
vibratory motor, resistance mechanisms), other signal generators, and so forth. The
input components 1230 may include alphanumeric input components {e.g, a
keyboard, a touch screen configured to receive alphanumeric input, a photo-optical
keyboard, or other alphanumeric input componenis), poini-based input components
{e.g., a mouse, a touchpad, a trackball, a joystick, a motion sensor, or another
pointing instrument), tactile input components {e.g., a phyvsical button, a touch screen
that provides location and/or force of touches or touch gestures, or other {actile input
components), audio imput compounents {e.g., a microphone), and the hike.

[6107]  In further example ernbodiments, the /O components 1242 may include
biometric components 1232, motion components 1234, environmental components
1236, or position components 1238, among a wide array of other components. For
example, the biomeiric components 1232 may include components to detect
expressions {2.g., hand expressions, facial expressions, vocal expressions, body
gestures, or eye tracking), measure biosignals (e.g., blood pressure, heart rate, body
termperature, perspiration, or brain waves), identify a person {e.g., voice
wdentification, retinal identification, facial identification, fingerprint identification, or
electroencephalogram-based identification), and the like. The motion components
1234 may include acceleration sensor components (e.g., accelerometer), gravitation
sensor componenis, rotation sensor components {e.g., gyroscope), and so forth. The
environmental components 1236 may include, for example, illumination sensor
components {e.g.. photometer}, temperature sensor components {e. g, one or more
thermometers that detect ambient temperature), humidity sensor componenis,

pressure sensor components (e.g., barometer}, acoustic sensor components {e.g., one
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or more microphones that detect background noise}, proximity sensor components
{e.g.. infrared sensors that detect nearby objects), gas sensors {e.g., gas detection
sensors {o detection concentrations of hazardous gases for safety or to measure
poliutants in the atmosphere), or other componenis that may provide indications,
measurements, or signals corresponding to a surroumding physical environment. The
position components 1238 may include location sensor components (e.g., a GPS
receiver component), altitude sensor components (e.g., allimeters or barometers that
detect air pressure from which altitude may be derived), onientation sensor
components {e.g., magnetometers}, and the like.

{0108] Communication may be implemented using a wide variety of

technologies. The /O components 1242 may include communication components
1240 operable to couple the machine 1200 to a network 1220 or devices 1222 via a
coupling 1224 and a coupling 1226, respectively. For example, the

communication components 1240 may include a network interface component or
another suitable device to interface with the network 1220, In further examples, the
communication components 1240 may 1nclude wired communication components,
wireless commumication components, cellular communication components, Near
Field Communication {NFC) components, Bluetooth®™ components {e.g., Bluetooth®
Low Energy), Wi-Fi*¥ components, and other communication components to provide
communication via other modalities. The devices 1222 may be another machine or
any of a wide variety of peripheral devices (2.2., a peripheral device coupled via a
USB).

[6109] Moreover, the communicalion components 1240 may detect identifiers or
include components operable to detect identifiers. For example, the
communication components 1240 may include Radio Frequency Identification
{(RFID) tag reader components, NFC smart tag detection components, optical reader
components {(e.g., an optical sensor to detect one~dimensional bar codes such as
Universal Product Code {(UPC) bar code, multi-dimensional bar codes such as Quick
Response {QR) code, Artec code, Data Matrix, Dataglyvph, MaxiCode, PDF417,
Uhira Code, UCC RS8-2D bar code, and other optical codes}, or acoustic detection

components {e.g., microphones to identify tagged andio signals). In addition, a

28



WO 2024/059140 PCT/US2023/032642

variety of information may be derived via the communication components 1240,
such as location via Internet Protocol (IP) geolocation, location via Wi-Fi® signal
inangulation, location via detecting an NFC beacon signal that may indicaie a
particular location, and so forth.

[31198] The various memories (i.e., memory 1204, main memory 1212, static
memory 1214, and/or memory of the processors 1202) and/or storage unit 1216 may
store one or more sets of instructions and data structures {e.g., software} ernbodyving
or utilized by any one or more of the roethodologies or functions described

herein. These instructions {e.g., the instructions 1208}, when execuied by processors

1202, cause various operations to implement the disclosed embodiments.

[3111] As used herein, the terms “machine-storage medium,” “device-storage

5% <4

mediun,” “computer-storage medium” mean the same thing and may be used
interchangeably in this disclosure. The terms refer to a single or multiple storage
devices and/or media {e.g.. a centralized or distributed database, and/or associated
caches and servers) that store executable instructions and/or data. The terms shall
accordingly be taken to include, but not be limited {o, sohid-state memories, and
optical and magnetic media, 1ocluding meroory nternal or external to

processors. Specific examples of moachine-~storage roedia, computer-storage media
and/or device-storage media include non-volatile memory, including by way of
example semiconductor memory devices, .g., erasable prograromable read -only
memory (EPROM), electricaily erasable programmable read-only memory
(EEPROM), FPGA, and flash memory devices; magnetic disks such as intemal hard
disks and removable disks; magneto-optical disks; and CB-ROM and DV D-ROM
disks. The terms “machine-storage media,” “computer-storage media,” and “device-
storage media” specifically exclude carrier waves, modulated data signals, and other
such media, at least some of which are covered under the termn “signal roedium”
discussed below.

[3112] In vanous example embodiments, one or more portions of the network 1226
may be an ad hoc network, an intranet, an extranet, a VPN, a LAN, a WLAN, a
WAN, a WWAN, a MAN, the Internet, a portion of the Internet, a portion of the

PSTN, a plain old telephone service (POTS) network, a cellular telephone network, a
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wireless network, a Wi-Fi® network, another type of network, or a combination of
two or more such networks. For example, the network 1220 or a portion of the
network 122¢ may include a wireless or cellular network, and the coupling 1224 may
be a Code Division Multiple Access (CDMA} connection, a Global System for
Mobile communications (GSM} connection, or ancther type of cellular or wireless
coupling. In this example, the coupling 1224 mayv implement any of a variety of
types of data transfer technology, such as Single Carner Radio Transmission
Technology (IxRTT), Evolution-Data Optinuzed (EVDO) technology, General
Packet Radio Service {GPRS) technology, Enhanced Data rates for GSM Evolution
(EDGE) technology, third Generation Partnership Project (3GPP) wncluding 3G,
fourth generation wireless (4G) networks, Universal Mobile Telecommunications
System (UMTS), High Speed Packet Access (HSPA), Worldwide Interoperability for
Microwave Access (WiMAX), Long Term Evolution (LTE) standard, others defined
by various standard~-setting organizations, other long range protocols, or other data
transfer technology.

[6113] The mstructions 1208 may be transmiited or received over the network 1220
using a iransmission medium via a network interface device (e.g., a network
interface component included in the conununication components 1240} and utilizing
anv one of several well-known transfer protocols (e g.. hypertext transfer protoco!
(HTTP)). Similarly, the instructions 1208 mayv be transmitted o1 received using a
transmission medium via the coupling 1226 {e.g., a peer-to-peer coupling) to the
devices 1222, The terms “transnussion medivm” and “signal medium”™ mean the
same thing and may be used interchangeably in this disclosure. The terms
“transmussion medium” and “signal mediom™ shall be taken {o include any intangible
medium that can store, encoding, or carryving the instructions 1208 for execution by
the machine 1200, and includes digital or analog commurications signals or other
intangible media to facilitate comununication of such software. Hence, the terms
“transnussion medium” and “signal mediumy” shall be taken to include any form of
modulated data signal, carrier wave, and so forth. The term “modulated data signal”
means a signal that has one or more of its characteristics set or changed in such a

matter as to encode information in the signal.
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{0114] Terms used herein should be accorded their ordinary meaning in the relevant
arts, or the meaning indicated by their use 1n context, but if an express definition is
provided, that meaning controls.

[3118] Herein, references to "one embodiment” or "an embodiment” do not
necessarily refer to the same emboediment, although thev may. Unless the context
clearly requires otherwise, throughout the description and the claims, the words

(11

"comprise,” “comprising,” and the hke are to be construed in an inclusive sense as
opposed to an exclusive or exhaustive sense; that is o sayv, in the sense of "including,
but not limited to.” Words using the singular or plural number also include the plural
or singular number respectively, unfess expressly limited to one or multiple ones.

o8

Additionally. the words "herein," "above.” "below" and words of similar import,
when used in this application, refer to this application as a whole and not to any
portions of this application. When the claims use the word "or” in reference fo a list
of two or more items, that word covers all the following interpretations of the word:
any of the items in the list, all the items 10 the list and any combination of the items
in the list, unless expressly limated to one or the other. Any terms not expressly
defined herein have their conventional meaning as commonly understood by those
having skill in the relevant art(s).

{6116] By using genuine models of anatomy more accurate surgical plans may be
developed than through statistical modeling.

{3117] Terms used herein should be accorded their ordinary meaning in the relevant
arts, or the meaning indicated by their use in context, but if an express definition is
provided, that meaning controls.

[6118] Herein, references o "one embodiment” or "an embodiment” do not
necessarily refer to the same embodiment, although they may. Unless the context
clearly requires otherwise, throughout the description and the claims, the words

"on

“comprise," "comprising,” and the like are to be coustrued in an inclusive sense as
opposed to an exclusive or exhaustive sense; that s o say, 1o the sense of "including,
but not linited to.” Words using the singular or plural number also mnclude the plural
or singular number respectively, uniess expressly limited to one or multiple ones.

Additionally, the words "herein,” "above,” "below" and words of similar import,
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when used in this application, refer to this application as a whole and not to any
portions of this application. When the claims use the word "or" in reference to a list
of two or more items, that word covers all the following interpretations of the word:
any of the items in the list, all the items in the list and any combination of the items
in the list, unless expressly imited to one or the other. Any terms not expressly
defined herein have their conventional meaning as commonly understood by those

having skill in the relevant art{s).
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CLAIMS
What 1s claimed is:

1. A method, comprising:

receiving a sentes of intravascular ultrasound (IVUS) imoages of a vessel of a
patient, the series of IVUS images comprising a proximal IVUS frame, a distal [VUS
frame, and a plurality of interior IVUS frames;

determuning a raw lumen area represented in each of the plurality of interior
IVUS frames;

generating, for each of the plurality of intertor IVUS frames, a smooth lumen
area based on a sampling filter and the raw lumen area;

wdentifving as a smooth lumen frame, the one of the plarality of interior IVUS
frarses having a smooth huen area less than or equal to the least smooth lamen area
of the plurabity mterior IVUS frames;

selecting a subset of the plurality of interior IVUS frames, the subset of
interior [IVUS frames comprising the smooth lumen frame and at {east one other of
the plurality of intertor IVUS frames, wherein the smooth lumen frame and the at
least one other of the plurality of interior IVUS frames are co-linear; and

identifying as a minimum key frame, the one of the subset of the plurality of
tertor [IVUS frames having a raw lumen area less than or equal to the lumen area of

the subset of the plurality mterior IVUS frames.

2. The method of claim 1, wherein the subset of the plurality of interior IVUS frames

comprises 21 frames.

3. The method of claims 1 or 2, wherein the subset of the plurality of interior IVUS
frames comprises ones of the series of IVUS images representing a distance along

the vessel.

4. The method of anv one of claims 1 to 3, wherein the distance is less than or equal

to 2 millimeters.

(o8]
(98]
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5. The method of any one of claims 1 to 4, wherein the interior {VUS frames are

disposed between the proximal IVUS frame and the distal IVUS frame.

6. The method of anv one of claims 1 to S, wherein the series of IVUS iroages
comprise a plurahty of IVUS image frames, the method comprising:

designating the first frame in the series of IVUS images as the distal key
frame; and

designating the last frame in the serigs of IVUS images as the proximal key

frame.

7. The method of any one of claims 1 to 6, comprising receiving, from an nput

device, an indication of the proximal IVUS frame and the distal IVUS frame.

8. The method of claim 7, wherein the series of IVUS images comprise a plurality of
IVUS image frames and wherein identifving as the smooth lumen frame, the one of
the plurality of intertor IVUS frames having a smooth lumen area iess than or equal
1o the smooth lumen area of the plurality interior IVUS frames comprises:

designating each one of the plurality IVUS 1mages disposed between the
proxiroal TVUS frame and the distal IVUS frame as interior IVUS frames;

wentitving the least smooth humen area of the plurality of intenior IVUS
frames;

wdentifying the one or more of the plurality of interior IVUS frames having a
smooth lumen area equal to the least smooth lumen area; and

designating a one of the identified one or more of the plurality of interior
IVUS frames disposed central to the proximal IVUS frame and the distal TVUS frame

as the munimum smooth lumen frame.

9. The method of anv one of claims 1 to 8, wherein the sampling filter comprises a
first sampling filter, the method comprising generating, for each of the phurality of
IVUS images, a smoother lumen area based on a second sampling {ilter and the
sroooth lumen area, wherein the second saropling flter 1s different than the first

sampling flter.



WO 2024/059140 PCT/US2023/032642

10. The method of claim 9, wherein the series of IVUS images comprise a plurality
of IVUS 1mage frames, the method comprising:

identifying an initial proximal search frame and an imnitial distal search frame;

identifving an {VUS image {frame from the one of the plurality of IVUS image
frarses located between the initial proximal search frame and the initial distal search
frame having the smallest soother lumen area;

wdentifving, as a central search frame, the one of the plurality of IVUS 1mage
frames located within a first distance of the IVUS image frame having the smallest
raw lumen area;

wdentifying, as the distal key frame, the one of the plurality of IVUS image
frames located within a second distance distal from the central search frame having a
smooth plague burden and a raw plaque burden less than a threshold value: and

identifying, as the proximal key frame, the one of the plurality of IVUS 1mage
frames located within the second distance proximal from the central search frame
having a smooth plague burden and a raw plaque burden less than the threshold

value,

11 The method of claim 10, wherein the threshold value 1s between 40 and 60

percent.

12. The method of claim 10 or 11, wherein the second distance is less than or equal

to 5 mullimeters,

13. The method of any one of claims 10 to 12, wherein the first distance is less than

or equal to 1 mithmeter,

14. An apparatus, comprising a processor coupled o @ memory, the memory
comprising instructions executable by the processor, the processor configured to
couple o an intravascular ultrasound (FVUS) imaging system and configured to
execute the mstructions, which nstructions when executed cause the processor to
implement the method of any one of claims 1 to 13

15. Atleast one machine readable storage device, comprising a plurality of

mstructions that in response to being executed by a processor of an intravascular

42
n
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ultrasound (JVUS) imaging system cause the processor to impliement the method of

any one of claims 1 to 13,



WO 2024/059140 PCT/US2023/032642

(TN

/‘500

CONTROL SYSTEM 104

PROCESSOR
DRIVE UNIT PULSE GENERATOR

| ]

FIG. 1

SUBSTITUTE SHEET (RULE 26)



WO 2024/059140 PCT/US2023/032642

2/11

202

FIG. 3A

SUBSTITUTE SHEET (RULE 26)



WO 2024/059140 PCT/US2023/032642

311

FIG. 3B

SUBSTITUTE SHEET (RULE 26)



7 "9l

PCT/US2023/032642

i 55 vy
RILIMED TIS5IA HIOOWS
1SN0V
NILSAS N 75 yauy
NIV VED YAV 13553 NIAMT HIOOWS N P07 A IdSId

SOA e

57y TR

VY NANM A ADA THAINTIA

4/11

10v %Twzm
AIOMIIN

(87 NV (7 3N
NANNT HIOOWS A TYINIXQdd

QEP NE LA

NI S3EW

[asew]
FY"}

Ot v
e
-
<
i.__
[¥a
[
Lan]
<

T

i
SAAIC 8/1

NF1SAS 9

-

“7

DY SOAL

A GTF SNOUDMYISN

SUBSTITUTE SHEET (RULE 26)

0% AD1A30 DNHNIING

WO 2024/059140



WO 2024/059140 PCT/US2023/032642

5/11

/ 500

RECEIVE A SERIES GF IVUS IMAGES OF AVESSEL OF A PATIENT 502

.

DETERMINE A LUMEN AREA REPRESENTED IN EACH OF THE IVUS IMAGES 504

]

SMOOTH THE RAW LUMEN AREA 506

DISTAL AND PROKIMAL
KEY FRAMES KNOWN? 508

IDENTIFY DISTAL KEY FRAME AND/OR PROXIMAL KEY FRAME 510

:

IDENTIFY A SMOOTH LUMEN FRAME FROM THE IVUS IMAGES 51) -

'

IDENTIFY A SUBSET OF THE IVUS IMAGES, THE SUBSET COMPRISING THE SMOOTH
LUMEN FRAME AND ANUMBER OF CO-LINEAR FRAMES 514

'

IDENTHFY A MINIMUM KEY FRAME FROM THE SUBSET OF THE PLURALITY OF IVUS

IMAGES 516

FIG. 5

SUBSTITUTE SHEET (RULE 26)



WO 2024/059140 PCT/US2023/032642

6/11

- 600

SUBSTITUTE SHEET (RULE 26)



PCT/US2023/032642

711 /799

AS THE DISTAL KEY FRAME 702

WO 2024/059140

{DENTIFY THE FIRST FRAME IN THE RECORDING

l

WE IN THE RECORDING AS THE PROXIMAL KEY FRAME 704

IDENTIFY THE LAST FRAR

02

HDENTIFY AN INITIAL DISTAL SEARCH FRAME

:

IDENTIFY AN INTTIAL PROXIMAL SEARCH FRAME 804

.

IDENTIFY, AS THE CENTRAL SEARCH FRAME, THE FRAME BETWEEN THE INITIAL
PROXIMAL AND DISTAL SEARCH FRAMES WITH THE SMALLEST RAW LUMEN AREA
LOCATED WHTHIN A HRST DISTANCE FROM THE FRAME WITH THE SMALLEST

SMOOTH LUMEN AREA 86

¥

SMOOTH THE VESSEL AREA 808

¥

IDENTIFY, AS THE DISTAL AND PROXIMAL KEY FRAMES, THE FRAMES ATLEAST A

SECOND DISTANCE AWAY FROM THE CENTRAL SEARCH FRAME WATH A SMOOTH
AND A RAVY PLAQUE BURDEN LESS THAN OR EQUAL T ATHRESHOLD 810

FIG. 8

SUBSTITUTE SHEET (RULE 26)



000000000000000000000000000000




WO 2024/059140

Y

{

3
g

i

27

9/11

FIG. 10

ey Hnne ey

SUBSTITUTE SHEET (RULE 26)

PCT/US2023/032642



PCT/US2023/032642

WO 2024/059140

10/11

AN E

0001 INFWTT3 ToOIHdWD

006 3DV QJ1YLONNY

008 MO14 21901

GOL M0 21507

005 MOT4 21907

91y SNOHUNYLISN

COLE SNOIDOYISNE 318YLIDIKE 43 NdInNGD

")
<

SUBSTITUTE SHEET (RULE 26)



WO 2024/059140

PCT/US2023/032642

o o
ROESORIE | f i wewomrme 3
INSTRUCTIONS 1208 |17 _ﬁ,& IANAENORY 1212 || STATIC MEMORY 124

0 || INSTRUCTIONS 1208 11| INSTRUCTIONS 1208 ||
o Ak e
© RERE STORAGE UNTT 1216 |
PROCESSORIZI0 | MACHINE-READABLE MEDIUM 121
INSRUCTONS 1208 {1+ | | INSTRUCTIONS 1208 ;
1 i

0 COMPONENTS 124/

L ouPuT 1228 INPUT 1230 BIOMETRIC 123

| VISUAL ALPHANUMERIC FPRESSON | pe
1 AQUSTIC POINT BASED BIOSIGNALS | |

| HAPTIC TACTILE IDENTIHCATION | |

| X AUDIO :
CTMOTON 124 1| ENVIRONMENT 1236 || POSITION 12 :
ACCELERATION LLUMINATION LOCATION ;

il GRAVITATION ACOUSTIC AU’ETUDE ;

| ROTATION TEMPERATURE ORIENTATION i

5 y | PRESSURE |

| COMMUNICATION 1240 :

5 WIRED WIRELESS CELLULAR 5

[ NEARFELD ELUETCOTH WA §

;{’/\ 1226 LN
DEVICES 1222 CNETWORK 1220

FIG. 12

SUBSTITUTE SHEET (RULE 26)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2023/032642
A. CLASSIFICATION OF SUBJECT MATTER
INV. A61B8/08 A61B5/02 A61B8/12 A61B8/00 A61B5/107
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

19 September 2019 (2019-09-19)

[0056], [0057]; figures 1,6,7,9

[NL]) 12 August 2021 (2021-08-12

figures 4,5,7

paragraphs [0039], [0041], [0049],

)

paragraph [0052] - paragraph [0075];

-/—

X US 2019/282182 Al (SCOTT JEFF [US] ET AL) 1-15

X WO 2021/156215 Al (KONINKLIJKE PHILIPS NV 1,14,15

|__K| Further documents are listed in the continuation of Box C.

‘z‘ See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

W

e

wy

g

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance;; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance;; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

24 November 2023

Date of mailing of the international search report

05/12/2023

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Marzal-Abarca, X

Form PCT/ASA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2023/032642

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category”

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

REZAEI ZAHRA ET AL: "Systematic mapping
study on diagnosis of wvulnerable plaque",
MULTIMEDIA TOOLS AND APPLICATIONS, KLUWER
ACADEMIC PUBLISHERS, BOSTON, US,

vol. 78, no. 15,

30 March 2019 (2019-03-30), pages
21695-21730, XP036849690,

ISSN: 1380-7501, DOI:
10.1007/811042-019-7465-2

[retrieved on 2019-03-30]

the whole document

ZIEMER PAULO G P ET AL: "Automated lumen
segmentation using multi-frame
convolutional neural networks in
intravascular ultrasound datasets",
NATIONAL INSTITUTE OF SCIENCE AND
TECHNOLOGY IN MEDICINE ASSISTED BY
SCIENTIFIC COMPUTING , PETRéPOLIS, BRAZIL,
vol. 1, no. 1,

1 November 2020 (2020-11-01), pages 75-82,
XP093022295,

DOI: 10.1093/ehjdh/ztaall4

Retrieved from the Internet:
URL:https://watermark.silverchair.com/ztaa
014 .pdf?token=AQECAHi208BE490ocan%kkhW_Ercy
7Dm3ZL_9C£3qfKAc485ysgAAAtowggLWBgkghkiG9w
0BBwagggLHMIICwwIBADCCArwGCSqgGSIb3DQEHATAe
BglghkgBZQMEAS4wEQQOMBUOVF 9Hp6YZryigRAgEQQI
ICjYHqgiyqOmZcSk4unDFcZ—-z3k0toilQDk2cFL6484
eRcogb4budLUOI__sH2LtunMtcPDOdogwl3iO_edNaH
c2bgeQkgH5>

the whole document

1-15

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2023/032642
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2019282182 Al 19-09-2019 CN 111867481 A 30-10-2020
EP 3764915 Al 20-01-2021
JP 7325430 B2 14-08-2023
JP 2021517034 A 15-07-2021
Us 2019282182 Al 19-09-2019
WO 2019175004 Al 19-09-2019
WO 2021156215 Al 12-08-2021 CN 115052529 A 13-09-2022
EP 4099910 A1l 14-12-2022
Us 2023051383 Al 16-02-2023
WO 2021156215 A1l 12-08-2021

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - wo-search-report
	Page 51 - wo-search-report
	Page 52 - wo-search-report

