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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit under 35
U.S.C. § 119(e) of U.S. Provisional Patent Application
Serial No. 61/876581, filed September 11, 2013.

TECHNICAL FIELD

[0002] The presentinvention is directed to the area of
imaging systems that are insertable into a patient and
methods of making and using the imaging systems. The
present invention is also directed to imaging systems
configured and arranged to select and concurrently dis-
play a plurality of cross-sectional images generated
along patient vasculature, as well as methods of making
and using the imaging systems.

BACKGROUND

[0003] Ultrasound devices insertable into patients
have proven diagnostic capabilities for a variety of dis-
eases and disorders. For example, intravascular ultra-
sound ("IVUS") imaging systems have been used as an
imaging modality for diagnosing blocked blood vessels
and providing information to aid medical practitioners in
selecting and placing stents and other devices to restore
orincrease blood flow. IVUS imaging systems have been
used to diagnose atheromatous plaque build-up at par-
ticular locations within blood vessels. IVUS imaging sys-
tems can be used to determine the existence of an intra-
vascular obstruction or stenosis, as well as the nature
and degree of the obstruction or stenosis. IVUS imaging
systems can be used to visualize segments of a vascular
system that may be difficult to visualize using other in-
travascular imaging techniques, such as angiography,
due to, for example, movement (e.g., a beating heart) or
obstruction by one or more structures (e.g., one or more
blood vessels not desired to be imaged). IVUS imaging
systems can be used to monitor or assess ongoing in-
travascular treatments, such as angiography and stent
placement in real (or almost real) time. Moreover, IVUS
imaging systems can be used to monitor one or more
heart chambers.

[0004] IVUS imaging systems have been developed
to provide a diagnostic tool for visualizing a variety is
diseases or disorders. An IVUS imaging system can in-
clude a control module (with a pulse generator, an image
processor, and a monitor), a catheter, and one or more
transducers disposed in the catheter. The transducer-
containing catheter can be positioned in a lumen or cavity
within, or in proximity to, a region to be imaged, such as
ablood vessel wall or patient tissue in proximity to a blood
vessel wall. The pulse generator in the control module
generates electrical pulses that are delivered to the one
or more transducers and transformed to acoustic pulses
that are transmitted through patient tissue. Reflected
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pulses of the transmitted acoustic pulses are absorbed
by the one or more transducers and transformed to elec-
tric pulses. The transformed electric pulses are delivered
to the image processor and converted to an image dis-
playable on the monitor.

WO 2007/002685 A2 describes a method and system
for creating graphical images of a body including vascular
features from a combination of image data sources. The
method includes initially creating an angiographic image
of a vessel segment. Next, a vessel image data set is
acquired that is distinct from the angiographic image da-
ta. The vessel image data set comprises information ac-
quired at a series of positions along the vessel segment.
The angiographic image and the vessel image data set
are correlated by comparing a characteristic rendered
independently from both the angiographic image and the
vessel image data at positions along the vessel segment.
US 2013/066188 A1 discloses systems and methods for
determining a centerline of a tubular structure from vol-
umetric data of vessels where a contrast agentis injected
into the blood stream to enhance the imagery for center-
lining. Given a 3D array of scalar values and a first and
second point, the system and methods iteratively find a
path from the start position to the end position that lies
in the center of a tubular structure.

BRIEF SUMMARY

[0005] The present invention is defined by the inde-
pendent claim and preferred embodiments of the inven-
tion are defined by the dependent claims.

[0006] One embodimentis a system adapted for auto-
matically displaying cross-sectional images of an intra-
vascular ultrasound (IVUS) imaging procedure. The sys-
tem is adapted for receiving IVUS data representing data
obtained at a plurality of sites along a lumen of a patient
blood vessel; processing the IVUS data to form a series
of cross-sectional images that are longitudinally-offset
from one another along a length of the lumen; and auto-
matically selecting, without user intervention, and con-
currently displaying i) a minimum lumen image from the
set of cross-sectional images and ii) a maximum lumen
image selected from at least a subset of the set of cross-
sectional images. The present embodiment also com-
prises a non-transitory computer readable medium hav-
ing processor-executable instructions, the processor-ex-
ecutable instructions when installed onto a system ena-
ble the system to perform actions, including the steps
described with the respect to the preceding method. The
present embodiment further comprises an intravascular
ultrasound system that includes a display and at least
one processor coupled to the display. The at least one
processor is configured and arranged to perform the
steps described with respect to the preceding method.
[0007] Another embodiment is a system adapted for
processing intravascular ultrasound images. The system
is adapted for obtaining a set of cross-sectional ultra-
sound images of a lumen of a patient blood vessel; form-
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ing a three-dimensional array of the cross-sectional ul-
trasound images; cutting the three-dimensional array
along a plane to form a cut array; replacing all portions
of the cut array associated with an interior of the lumen
with a fixed value to form a volume view; and displaying
the volume view. Another embodiment is a non-transitory
computer readable medium having processor-executa-
ble instructions, the processor-executable instructions
when installed onto a system enable the system to per-
form actions, including the steps described with the re-
spect to the preceding method. A further embodiment is
an intravascular ultrasound system that includes a dis-
play and at least one processor coupled to the display.
The at least one processor is configured and arranged
to perform the steps described with respect to the pre-
ceding method.

[0008] Herein also disclosed is a method for real-time
displaying of cross-sectional images during an intravas-
cular ultrasound (IVUS) imaging procedure. The method
includes the following steps: during an intravascular ul-
trasound imaging procedure, receiving electrical signals
from at least one transducer in a catheter as the at least
one transducer rotates and moves longitudinally along a
lumen of a patient blood vessel; during the intravascular
ultrasound imaging procedure, processing the received
electrical signals to form a series of cross-sectional im-
ages that are longitudinally-offset from one another along
a length of the lumen; during the intravascular ultrasound
imaging procedure, concurrently displaying i) a most re-
centimage from the series of cross-sectional images and
ii) a previous image from the series of cross-sectional
images, wherein the previous image is either a) selected
by the operator or b) automatically selected as having a
maximum or minimum of a selected image characteristic;
and during the intravascular ultrasound imaging proce-
dure, updating the display of the most recent image as
a new image from the series of cross-sectional images
is processed. Further disclosed is a non-transitory com-
puter readable medium having processor-executable in-
structions, the processor-executable instructions when
installed onto a system enable the system to perform
actions, including the steps described with the respect
to the preceding method. Also disclosed is an intravas-
cular ultrasound system that includes a catheter, a dis-
play, and at least one processor coupled to the catheter
and the display. The at least one processor is configured
and arranged to perform the steps described with respect
to the preceding method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Non-limiting and non-exhaustive embodiments
of the present invention are described with reference to
the following drawings. In the drawings, like reference
numerals refer to like parts throughout the various figures
unless otherwise specified.

[0010] Forabetter understanding of the presentinven-
tion, reference will be made to the following Detailed De-
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scription, which is to be read in association with the ac-
companying drawings, wherein:

FIG. 1 is a schematic view of one embodiment of an
ultrasound imaging system suitable for insertion into
a patient, the ultrasound imaging system including
a catheter and a control module, according to the
invention;

FIG. 2 is a schematic side view of one embodiment
of the catheter of FIG. 1, according to the invention;

FIG. 3 is a schematic longitudinal cross-sectional
view of one embodiment of a distal end of the cath-
eter of FIG. 1 with an imaging core disposed in a
lumen defined in the catheter, according to the in-
vention;

FIG. 4 is a schematic view of one embodiment of a
display for the ultrasound imaging system of FIG. 1,
the display concurrently showing, during an imaging
procedure, a longitudinal view of at least a portion
of an imaging run and several cross-sectional imag-
es generated from different positions along the lon-
gitudinal view, according to the invention;

FIG. 5 is a schematic flowchart of one embodiment
of amethod of real-time displaying of cross-sectional
images during an intravascular ultrasound (IVUS)
imaging procedure, according to the invention;

FIG. 6 is a schematic view of another embodiment
of a display for the ultrasound imaging system of
FIG. 1, the display concurrently showing a longitu-
dinal view of at least a portion of an imaging run and
several cross-sectional images generated from dif-
ferent positions along the longitudinal view, accord-
ing to the invention;

FIG. 7 is a schematic flowchart of one embodiment
of a method of automatically displaying cross-sec-
tional images of an intravascular ultrasound (IVUS)
imaging procedure, according to the invention:

FIG. 8A is a schematic view of a display for the ul-
trasound imaging system of FIG. 1, the display show-
ing four different volume views where the pixels cor-
responding to the interior of a body lumen have a
uniform gray level, according to the invention:

FIG. 8B is a schematic view of a display for the ul-
trasound imaging system of FIG. 1, the display show-
ing four different volume views where the pixels cor-
responding to the interior of a body lumen have a
uniform gray level that is black or transparent, ac-
cording to the invention; and

FIG. 9 is a schematic flowchart of one embodiment
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of a method of processing intravascular ultrasound
images to form the volume views of FIGS. 8A and
8B, according to the invention.

DETAILED DESCRIPTION

[0011] The presentinvention is directed to the area of
imaging systems that are insertable into a patient and
methods of making and using the imaging systems. The
present invention is also directed to imaging systems
configured and arranged to select and concurrently dis-
play a plurality of cross-sectional images generated
along patient vasculature, as well as methods of making
and using the imaging systems.

[0012] The methods, systems, and devices described
herein may be embodied in many different forms and
should not be construed as limited to the embodiments
set forth herein. Accordingly, the methods, systems, and
devices described herein may take the form of an entirely
hardware embodiment, an entirely software embodiment
or an embodiment combining software and hardware as-
pects. The methods described herein can be performed
using any type of computing device, such as a computer,
that includes a processor or any combination of comput-
ing devices where each device performs at least part of
the process.

[0013] Suitable computing devices typically include
mass memory and typically include communication be-
tween devices. The mass memory illustrates a type of
computer-readable media, namely computer storage
media. Computer storage media may include volatile,
nonvolatile, removable, non-removable, transitory, and
non-transitory mediaimplemented in any method or tech-
nology for storage of information, such as computer read-
able instructions, data structures, program modules, or
other data. Examples of computer storage media include
RAM, ROM, EEPROM, flash memory, or other memory
technology, CD-ROM, digital versatile disks ("DVD") or
other optical storage, magnetic cassettes, magnetic
tape, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to store
the desired information and which can be accessed by
a computing device.

[0014] Methods of communication between devices or
components of a system can include both wired and wire-
less (e.g., RF, optical, or infrared) communications meth-
ods and such methods provide another type of computer
readable media; namely communication media. Commu-
nication media typically embodies computer-readable in-
structions, data structures, program modules, or other
data in a modulated data signal such as a carrier wave,
data signal, or other transport mechanism and include
any information delivery media. The terms "modulated
data signal," and "carrier-wave signal" includes a signal
that has one or more of its characteristics set or changed
in such a manner as to encode information, instructions,
data, and the like, in the signal. By way of example, com-
munication media includes wired media such as twisted
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pair, coaxial cable, fiber optics, wave guides, and other
wired media and wireless media such as acoustic, RF,
infrared, and other wireless media.

[0015] Suitable intravascular ultrasound ("IVUS") im-
aging systems include, but are not limited to, one or more
transducers disposed on a distal end of a catheter con-
figured and arranged for percutaneous insertion into a
patient. Examples of IVUS imaging systems with cathe-
ters are found in, for example, U.S. Patents Nos.
7,246,959; 7,306,561; and 6,945,938; as well as U.S.
Patent Application Publication Nos. 2006/0100522;
2006/0106320; 2006/0173350; 2006/0253028;
2007/0016054; and 2007/0038111.

[0016] Figure 1 illustrates schematically one embodi-
ment of an IVUS imaging system 100. The IVUS imaging
system 100 includes a catheter 102 that is coupleable to
a control module 104. The control module 104 may in-
clude, for example, a processor 106, a pulse generator
108, a drive unit 110, and one or more displays 112. In
at least some embodiments, the pulse generator 108
forms electric pulses that may be input to one or more
transducers (312 in Figure 3) disposed in the catheter
102.

[0017] In at least some embodiments, mechanical en-
ergy from the drive unit 110 may be used to drive an
imaging core (306 in Figure 3) disposed in the catheter
102. In atleast some embodiments, electric signals trans-
mitted from the one or more transducers (312 in Figure
3) may be input to the processor 106 for processing. In
at least some embodiments, the processed electric sig-
nals from the one or more transducers (312 in Figure 3)
can be displayed as one or more images on the one or
more displays 112. For example, a scan converter can
be used to map scan line samples (e.g., radial scan line
samples, or the like) to a two-dimensional Cartesian grid
to display the one or more images on the one or more
displays 112.

[0018] 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 module
104. For example, the processor 106 may be used to
control 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 (306 in Figure
3) by the drive unit 110, the velocity or length of the pull-
back of the imaging core (306 in Figure 3) by the drive
unit 110, or one or more properties of one or more images
formed on the one or more displays 112.

[0019] Figure 2 is a schematic side view of one em-
bodiment of the catheter 102 of the IVUS imaging system
(100in Figure 1). The catheter 102 includes an elongated
member 202 and a hub 204. The elongated member 202
includes a proximal end 206 and a distal end 208. In
Figure 2. the proximal end 206 of the elongated member
202 is coupled to the catheter hub 204 and the distal end
208 of the elongated member is configured and arranged
for percutaneous insertion into a patient. Optionally, the
catheter 102 may define at least one flush port, such as



7 EP 3 043 717 B1 8

flush port 210. The flush port 210 may be defined in the
hub 204. The hub 204 may be configured and arranged
to couple to the control module (104 in Figure 1). In some
embodiments, the elongated member 202 and the hub
204 are formed as a unitary body. In other embodiments,
the elongated member 202 and the catheter hub 204 are
formed separately and subsequently assembled togeth-
er.

[0020] Figure 3is a schematic perspective view of one
embodiment of the distal end 208 of the elongated mem-
ber 202 of the catheter 102. The elongated member 202
includes a sheath 302 with a longitudinal axis 303 and a
lumen 304. Animaging core 306 is disposed in the lumen
304. The imaging core 306 includes an imaging device
308 coupled to a distal end of a driveshaft 310 that is
rotatable either manually or using a computer-controlled
drive mechanism. One or more transducers 312 may be
mounted to the imaging device 308 and employed to
transmit and receive acoustic signals. The sheath 302
may be formed from any flexible, biocompatible material
suitable for insertion into a patient. Examples of suitable
materials include, for example, polyethylene, poly-
urethane, plastic, spiral-cut stainless steel, nitinol hypo-
tube, and the like or combinations thereof.

[0021] In a preferred embodiment (as shown in Figure
3), an array of transducers 312 are mounted to the im-
aging device 308. In alternate embodiments, a single
transducer may be employed. Any suitable number of
transducers 312 can be used. For example, there can be
two, three, four, five, six, seven, eight, nine, ten, twelve,
fifteen, sixteen, twenty, twenty-five, fifty, one hundred,
five hundred, one thousand, or more transducers. As will
be recognized, other numbers of transducers may also
be used. When a plurality of transducers 312 are em-
ployed, the transducers 312 can be configured into any
suitable arrangement including, for example, an annular
arrangement, a rectangular arrangement, or the like.
[0022] The one or more transducers 312 may be
formed from one or more known materials capable of
transforming applied electrical pulses to pressure distor-
tions on the surface of the one or more transducers 312,
and vice versa. Examples of suitable materials include
piezoelectric ceramic materials, piezocomposite materi-
als, piezoelectric plastics, barium titanates, lead zirco-
nate titanates, lead metaniobates, polyvinylidencfluo-
rides, and the like. Other transducer technologies include
composite materials, single-crystal composites, and
semiconductor devices (e.g, capacitive micromachined
ultrasound transducers ("cMUT"), piezoelectric mi-
cromachined ultrasound transducers ("pMUT"), or the
like)

[0023] The pressure distortions on the surface of the
one or more transducers 312 form acoustic pulses of a
frequency based on the resonant frequencies of the one
or more transducers 312. The resonant frequencies of
the one or more transducers 312 may be affected by the
size, shape, and material used to form the one or more
transducers 312. The one or more transducers 3 12 may
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be formed in any shape suitable for positioning within the
catheter 102 and for propagating acoustic pulses of a
desired frequency in one or more selected directions. For
example, transducers may be disc-shaped, block-
shaped, rectangular-shaped, oval-shaped, and the like.
The one or more transducers may be formed in the de-
sired shape by any process including, for example, dic-
ing, dice and fill, machining, microfabrication, and the
like.

[0024] As an example, each of the one or more trans-
ducers 312 may include a layer of piezoelectric material
sandwiched between a matching layer and a conductive
backing material formed from an acoustically absorbent
material (e.g., an epoxy substrate with tungsten parti-
cles). During operation, the piezoelectric layer may be
electrically excited to cause the emission of acoustic
pulses.

[0025] The one or more transducers 312 can be used
to form a radial cross-sectional image of a surrounding
space. Thus, for example, when the one or more trans-
ducers 312 are disposed in the catheter 102 and inserted
into a blood vessel of a patient, the one more transducers
312 may be used to form an image of the walls of the
blood vessel and tissue surrounding the blood vessel.
[0026] The imaging core 306 is rotated about the lon-
gitudinal axis 303 of the catheter 102. As the imaging
core 306 rotates, the one or more transducers 312 emit
acoustic signals in different radial directions (i.e., along
different radial scan lines). For example, the one or more
transducers 312 can emit acoustic signals at regular (or
irregular) increments, such as 256 radial scan lines per
revolution, orthe like. It willbe understood that other num-
bers of radial scan lines can be emitted per revolution,
instead.

[0027] When an emitted acoustic pulse with sufficient
energy encounters one or more medium boundaries,
such as one or more tissue boundaries, a portion of the
emitted acoustic pulse is reflected back to the emitting
transducer as an echo pulse. Each echo pulse thatreach-
es a transducer with sufficient energy to be detected is
transformed to an electrical signal in the receiving trans-
ducer. The one or more transformed electrical signals
are transmitted to the control module (104 in Figure 1)
where the processor 106 processes the electrical-signal
characteristics to form a displayable image of the imaged
region based, at least in part, on a collection of informa-
tion from each of the acoustic pulses transmitted and the
echo pulsesreceived. In atleast some embodiments, the
rotation of the imaging core 306 is driven by the drive
unit 110 disposed in the control module (104 in Figure
1). In alternate embodiments, the one or more transduc-
ers 312 are fixed in place and do not rotate. In which
case, the driveshaft 310 may, instead, rotate a mirror that
reflects acoustic signals to and from the fixed one or more
transducers 312.

[0028] When the one or more transducers 312 are ro-
tated about the longitudinal axis 303 of the catheter 102
emitting acoustic pulses, a plurality of images can be
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formed that collectively form a radial cross-sectional im-
age (e.g., atomographic image) of a portion of the region
surrounding the one or more transducers 312, such as
the walls of a blood vessel of interest and tissue sur-
rounding the blood vessel. The radial cross-sectional im-
age can, optionally, be displayed on one or more displays
112. The at least one of the imaging core 306 can be
either manually rotated or rotated using a computer-con-
trolled mechanism.

[0029] The imaging core 306 may also move longitu-
dinally along the blood vessel within which the catheter
102 is inserted so that a plurality of cross-sectional im-
ages may be formed along a longitudinal length of the
blood vessel. During an imaging procedure the one or
more transducers 312 may be retracted (i.e., pulled back)
along the longitudinal length of the catheter 102. The
catheter 102 can include at least one telescoping section
that can be retracted during pullback of the one or more
transducers 312. In atleast some embodiments, the drive
unit 110 drives the pullback of the imaging core 306 within
the catheter 102. The drive unit 110 pullback distance of
the imaging core can be any suitable distance including,
for example, at least 5 cm, 10 cm, 15 cm, 20 cm, 25 cm,
or more. The entire catheter 102 can be retracted during
an imaging procedure either with or without the imaging
core 306 moving longitudinally independently of the cath-
eter 102.

[0030] A stepper motor may, optionally, be used to pull
back the imaging core 306. The stepper motor can pull
back the imaging core 306 a short distance and stop long
enough for the one or more transducers 306 to capture
an image or series of images before pulling back the im-
aging core 306 another short distance and again captur-
ing another image or series of images, and so on.
[0031] The quality of an image produced at different
depths from the one or more transducers 312 may be
affected by one or more factors including, for example,
bandwidth, transducer focus, beam pattern, as well as
the frequency of the acoustic pulse. The frequency of the
acoustic pulse output from the one or more transducers
312 may also affect the penetration depth of the acoustic
pulse output from the one or more transducers 312. In
general, as the frequency of an acoustic pulse is lowered,
the depth of the penetration of the acoustic pulse within
patient tissue increases. In at least some embodiments,
the IVUS imaging system 100 operates within a frequen-
cy range of 5 MHz to 100 MHz.

[0032] One or more conductors 314 can electrically
couple the transducers 312 to the control module 104
(see e.g., Figure 1). In which case, the one or more con-
ductors 314 may extend along a longitudinal length of
the rotatable driveshaft 310.

[0033] The catheter 102 with one or more transducers
312 mounted to the distal end 208 of the imaging core
308 may be inserted percutaneously into a patient via an
accessible blood vessel, such as the femoral artery, fem-
oral vein, or jugular vein, at a site remote from the se-
lected portion of the selected region, such as a blood
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vessel, to be imaged. The catheter 102 may then be ad-
vanced through the blood vessels of the patient to the
selected imaging site, such as a portion of a selected
blood vessel.

[0034] Animage orimage frame ("frame") can be gen-
erated each time one or more acoustic signals are output
to surrounding tissue and one or more corresponding
echo signals are received by the imager 308 and trans-
mitted to the processor 106. Alternatively, an image or
image frame can be a composite of scan lines from a full
or partial rotation of the imaging core or device. A plurality
(e.g., a sequence) of frames may be acquired over time
during any type of movement of the imaging device 308.
For example, the frames can be acquired during rotation
and pullback of the imaging device 308 along the target
imaging location. It will be understood that frames may
be acquired both with or without rotation and with or with-
out pullback of the imaging device 308. Moreover, it will
be understood that frames may be acquired using other
types of movement procedures in addition to, or in lieu
of, at least one of rotation or pullback of the imaging de-
vice 308.

[0035] In at least some embodiments, when pullback
is performed, the pullback may be at a constantrate, thus
providing a tool for potential applications able to compute
longitudinal vessel/plaque measurements. In at least
some embodiments, the imaging device 308 is pulled
back at a constant rate of at least 0.3 mm/s. In at least
some embodiments, the imaging device 308 is pulled
back at a constant rate of at least 0.4 mm/s. In at least
some embodiments, the imaging device 308 is pulled
back at a constant rate of at least 0.5 mm/s. In at least
some embodiments, the imaging device 308 is pulled
back at a constant rate of at least 0.6 mm/s. In at least
some embodiments, the imaging device 308 is pulled
back at a constant rate of at least 0.7 mm/s. In at least
some embodiments, the imaging device 308 is pulled
back at a constant rate of at least 0.8 mm/s.

[0036] In atleast some embodiments, the one or more
acoustic signals are output to surrounding tissue at con-
stant intervals of time. In at least some embodiments,
the one or more corresponding echo signals are received
by the imager 308 and transmitted to the processor 106
at constant intervals of time. In at least some embodi-
ments, the resulting frames are generated at constant
intervals of time.

[0037] Atleast some conventional IVUS imaging sys-
tems display only a single (e.g., cross-sectional, longitu-
dinal, or the like) image during, or after, an IVUS proce-
dure, such as a pull-back procedure. It may, however,
be useful to concurrently display, in real-time during the
IVUS procedure (e.g., a pull-back procedure), at least
two images, such as the most recently processed image
and a previously-obtained image thathas some particular
or selected image characteristic (e.g., maximum or min-
imum lumen area or diameter).

[0038] Figure 4 is illustrates one embodiment of a dis-
play 400 presented during an IVUS procedure, such as
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a pull-back procedure. The display 400 includes a first
cross-sectionalimage 402 ofthe mostrecently (or atleast
a recently) processed image, a second cross-sectional
image 404 that is automatically selected based on an
image characteristic, and a longitudinal view 406 based
on the images processed to that time. The longitudinal
view 406 can be a composite of the processed cross-
sectional views taken along a plane perpendicular to the
plane of the cross-sectional views. In some embodi-
ments, the longitudinal view 406 can be rotated by rotat-
ing the plane of the longitudinal view.

[0039] The display 400 can be updated with each new
processed image. Such updating can include replacing
first cross-sectional image 402 with the most recent im-
age and updating the longitudinal view 406. In some em-
bodiments, the second cross-sectional image 404 can
also be updated if there is a new image that has the se-
lected image characteristic (e.g., @a maximum or minimum
lumen area or diameter.)

[0040] Any suitable image characteristic can be used
for automatically selecting the second cross-sectional
image. Examples of image characteristics include, but
are not limited to, lumen area, lumen diameter, average
lumen diameter, or even combinations of these image
characteristics. In at least some embodiments, the sec-
ond cross-sectional image is selected as the image with
a minimum or maximum of the image characteristic with
respect to all of the images that have been processed up
to the time of display. In at least some embodiments, the
user can select the desired image characteristic and
whether a maximum or minimum of that characteristic is
desired. In some embodiments, the user can select the
image characteristic prior to the imaging run. In other
embodiments, the user can even select the image char-
acteristic during the imaging run and, when a different
image characteristic is selected, the display 400 is up-
dated with a new second cross-sectional image based
on the newly selected image characteristic.

[0041] In atleast some embodiments, the longitudinal
view 406 includes one or more markers 408 and 410
indicating the position of the first and second cross-sec-
tional images 402 and 404, respectively, along the lon-
gitudinal view 406. Any suitable shape or symbol can be
used for the markers 408, 410. In Figure 4, the markers
408, 410 are shown as vertical lines. In Figure 4, the
marker 408 is positioned at the current end of the longi-
tudinal view 406, indicating that the first cross-sectional
image 402 is the most recent processed image.

[0042] As shown in Figure 4, the display 400 can ad-
ditionally include imaging information such as, for exam-
ple, patient information, the length of pullback during an
imaging run, the number of image frames generated dur-
ing an imaging run, the type of catheter used during an
imaging run, the date and time of an imaging run, or the
like). The display 400 can optionally include one or more
identification character(s) associated with one or more
of the displayed image frames.

[0043] The display 400 can optionally include one or
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more borders that are provided by border estimation al-
gorithms. For example, a lumen border 412, obtained
using a lumen border estimation algorithm, for one or
more of the cross-sectional images 402 and 404. The
border 412 may be determined by any suitable automat-
ed border estimation method or algorithm including, but
not limited to, the methods described in U.S. Patent No.
7,831,081. In some embodiments, the user may also be
permitted to identify or modify the border using any suit-
able technique including, but not limited to, the tech-
niques described in U.S. Patent No. 7,831,081.

[0044] The display 400 can optionally include a lumen
area estimate (in mm?2 or any other selected units) and
estimates of maximum and minimum lumen diameter (in
mm or any other selected units) as indicated with refer-
ence numeral 414. These estimates may be made for
either (or both) of the cross sectional images 402 and
404. In Figure 4, the estimates are for cross-sectional
image 404 which is the image with the smallest lumen
area. In at least some embodiments, the diameters 416
may be indicated on the corresponding cross-sectional
image 404. An average lumen diameter 418 (in mm or
any other selected units) can also be presented on the
longitudinal view 406 for the region of the longitudinal
view near the displayed diameter 418.

[0045] Figure 5 is a flowchart of one embodiment of a
method of displaying cross-sectional images during an
intravascular ultrasound (IVUS) imaging procedure.
Electrical signals are received from an imaging device,
such as a transducer (step 502). These electrical signals
are processed as they are received to form a set of cross-
sectional images (step 504). In at least some embodi-
ments, the images are formed during a pull-back proce-
dure in which the imaging device (e.g.. a transducer or
array of transducers) is pulled back along a blood vessel
(e.g.. an artery or vein) withimaging occurring at different
longitudinal positions along the blood vessel. Such im-
ages are longitudinally offset from each other.

[0046] During the IVUS procedure, the IVUS system
concurrently displays the most recently processed image
and a previous cross-sectional image (step 506). The
previous cross-sectional image can be user selected or
the previous cross-sectional image can be automatically
selected based on one or more image characteristics, as
described in detail above with respect to the embodiment
of Figure 4. In some embodiments, a longitudinal view is
also displayed and may be based on some or all of the
cross-sectional images processed up to the time of dis-
play. In some of these embodiments, the longitudinal
view also includes indicators of the positions along the
longitudinal view of the two displayed cross-sectional im-
ages.

[0047] During the IVUS procedure, as a new cross-
sectional image is processed, the display is updated to
show the new image as the most recent cross-sectional
image (step 608). In at least some embodiment, the pre-
vious cross-sectional image may also be updated at user
initiation or if a different cross-sectional image is indicat-
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ed based on one or more image characteristics. In at
least some embodiments, the longitudinal view may be
updated based on the newly processed cross-sectional
image.

[0048] Theupdating ofthe displayed images continues
until the last cross-sectional image is processed (step
510.) When the imaging procedure or run is complete,
the display may be altered or updated in accordance with
the embodiments described below with respect to Fig-
ures 6 and 7. One or more steps of this method can be
incorporated on a computer-readable medium. Moreo-
ver, one or more steps of this method can be performed
by a processor that may be part of an IVUS imaging sys-
tem (see, e.g., processor 106 in Figure 1) or a separate
system.

[0049] At least some conventional IVUS imaging sys-
tems display only a single (e.g., cross-sectional, longitu-
dinal, or the like) image. It may, however, be useful to
concurrently display at least two images that are auto-
matically chosen at the end of a pull-back procure or other
imaging run to represent opposite ends of a spectrum of
one or more image characteristics, such as the cross-
sectional image with minimum lumen area and the cross-
sectional image with maximum lumen area (optionally
selected from only those images distal to the minimum
lumen area image). The automatic selection of these im-
ages at the end of the procedure may call up the images
that a practitioner is mostly likely interested in viewing or
provides a starting point for review of the series of imag-
es.

[0050] Figure 6illustrates one embodimentof a display
600 thatincludes afirst cross-sectionalimage 602, a sec-
ond cross-sectional image 604, and a longitudinal view
606 based on the images processed to that time. At the
end of an IVUS pull-back procedure or other imaging run
or procedure, the firstand second cross-sectional images
602, 604 are automatically selected based on one or
more imaging characteristics. This automatic selection
does not require user intervention at the end of the pro-
cedure or imaging run, but may include user input prior
to, or during, the procedure or imaging run to select the
one or more imaging characteristics. After the automatic
selection and display of the first and second cross-sec-
tional images 602, 604, the displayed images may be
altered or different images selected by the user.

[0051] Any suitable image characteristic can be used
for automatically selecting the first and second cross-
sectional images. Examples of image characteristics in-
clude, but are not limited to, lumen area, lumen diameter,
average lumen diameter, or even combinations of these
image characteristics. In atleast some embodiments, the
first and second cross-sectional images are selected to
be on opposite ends of a spectrum of a particular image
characteristic(s). For example, the first and second
cross-sectional images may correspond to animage with
a maximum lumen area (or diameter) and an image with
a minimum lumen area (or diameter), respectively. The
second cross-sectional image is likely to be an image

10

15

20

25

30

35

40

45

50

55

with a substantial amount of plaque or other medical con-
ditions or disease. The first cross-sectional image can
be a reference to which the first cross-sectional image is
compared.

[0052] Insomeembodiments, the firstorsecond cross-
sectional image may not be selected from the full set of
images, butrather from a subset ofimages. For example,
in the embodiment of Figure 6, the second cross-section-
al image 604 (with minimum lumen area) is selected first
and then the first cross-sectional image 602 is selected
from the subset of images distal (i.e., before) the second
cross-sectional image 604. It will be understood that oth-
er embodiments might select a first cross-sectional from
asubset ofimages proximal (i.e., after) the second cross-
sectional image or any other suitable method of arrange-
ment for selecting images.

[0053] Inatleastsome embodiments, the user can se-
lect the desired image characteristic(s). In some embod-
iments, the user can select the image characteristic prior
to, or during, the imaging procedure or run.

[0054] In atleast some embodiments, the longitudinal
view 606 includes one or more markers 608 and 610
indicating the position of the first and second cross-sec-
tional images 602 and 604, respectively, along the lon-
gitudinal view 606. Any suitable shape or symbol can be
used for the markers 608, 610. In Figure 6. the markers
608, 610 are shown as vertical lines.

[0055] The display 600 can additionally include imag-
ing information such as, for example, patient information,
the length of pullback during an imaging run, the number
of image frames generated during an imaging run, the
type of catheter used during an imaging run, the date and
time of an imaging run, or the like). The display 600 can
optionally include one or more identification character(s)
associated with one or more of the displayed image
frames.

[0056] The display 600 can optionally include one or
more borders that are provided by border estimation al-
gorithms. For example, a lumen border 612, obtained
using a lumen border estimation algorithm, for one or
more of the cross-sectional images 602 and 604. The
border 612 may be determined by any suitable automat-
ed border estimation method or algorithm including, but
not limited to, the methods described in U.S. Patent No.
7,831,081. In some embodiments, the user may also be
permitted to identify or modify the border using any suit-
able technique including, but not limited to, the tech-
niques described in U.S. Patent No. 7,831,081.

[0057] The display 600 can optionally include an area
estimate and estimates of maximum and minimum lumen
diameter as indicated with reference numerals 614a,
614b, respectively. In Figure 6, two diameter measures
are provided and correspond to the largest and smallest
diameter for the border lumen for the respective cross-
sectionalimage. These estimates may be made for either
(or both) of the cross sectional images 602 and 604. In
at least some embodiments, the diameters 616 of the
lumen border may be indicated on the corresponding
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cross-sectional image. An average lumen diameter 618
can also be presented on the longitudinal view 606 for
the region of the longitudinal view near the displayed di-
ameter 618. In at least some embodiments, other bor-
ders, such as the external elastin media (EEM) border
613, can be determined using any suitable method and
displayed. Information about the area within the other
border(s) and the diameters (largest and smallest) of
such border(s) can be included on the display such as
illustrated at reference numerals 615a, 615b, respective-
ly.

[0058] The display can also include other information.
For example, reference numeral 620 points to informa-
tion labeled as "Area Stenosis" and "Plaque Burden". In
some embodiments, Area Stenosis can be calculated as
(1-(minimum lumen area/maximum lumen area))*100%
where the minimum and maximum lumen areas (refer-
ence numerals 614b, 614a) are obtained from the second
and first cross-sectional images 604, 602, respectively.
In some embodiments, plaque burden can be calculated
as (1-(minimum EEM area/maximum EEM area))*100%
where the minimum and maximum EEM areas (reference
numerals 615b, 615a) are obtained from the second and
first cross-sectionalimages 604, 602. respectively. Other
methods of calculating area stenosis and plaque burden,
or similar parameters, can also be used.

[0059] After the initial display of the first and second
cross-sectional views, the user may be permitted to mod-
ify the display. For example, the user may be permitted
to select different cross-sectional images. The user may
be permitted to rescale the cross-sectionalimages or lon-
gitudinal view or to highlight or zoom into a portion of the
image/view. The user may be permitted to rotate the lon-
gitudinal view or cross-sectionalimages. The longitudinal
view generally corresponds to the intersection of a se-
lected plane with the set of cross-sectional images and
so the longitudinal view can be rotated by rotating the
selected plane. The user may be permitted to modify any
of the borders displayed on the images/views. It will be
understood that this is not an exhaustive list of other ac-
tions that the user may perform to modify the display.
[0060] Figure 7 is a flowchart of one embodiment of a
method of automatically selecting and displaying cross-
sectional images after an intravascular ultrasound
(IVUS) imaging procedure. Electrical signals are re-
ceived from an imaging device, such as a transducer
(step 702). These electrical signals are processed to form
a set of cross-sectional images (step 704). In at least
some embodiments, the images are formed during a pull-
back procedure in which the imaging device (e.g., atrans-
ducer) is pulled back along a blood vessel (e.g., an artery
or vein) with imaging occurring at different longitudinal
positions along the blood vessel. Such images are lon-
gitudinally offset from each other.

[0061] After the IVUS procedure is completed, the
IVUS system selects, without user intervention, and con-
currently displays two cross-sectional images (step 706).
For example, the two cross-sectional images can be a
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minimum lumen image and a maximum lumen image, as
described above with respect to the embodiment illus-
trated in Figure 6. All of the considerations and parame-
ters discussed above with respect to the selection of first
and second cross-sectional images 602, 604 can apply
to this embodiment as well. One or more steps of this
method can be incorporated on a computer-readable me-
dium. Moreover, one or more steps of this method can
be performed by a processor that may be part of an IVUS
imaging system (see, e.g., processor 106 in Figure 1) or
a separate system.

[0062] The images obtained from an IVUS procedure
can be used to evaluate a blood vessel, such as a vein
or artery. In particular, a vessel volume view can be pro-
duced that can be useful to display the inside wall of the
body lumen. In some embodiments, a longitudinal cut
plane can be defined and the data from the set of cross-
sectional views can be cutalong the longitudinal cutplane
and a longitudinal volume view can be produced. This
can also be performed using two or more different longi-
tudinal cut planes.

[0063] Figure 8A illustrates four longitudinal volume
views 850a, 850b, 850c, 850d and an illustration 852 of
the axes selected for these views. Volume views 850a,
850b are generated with a longitudinal cut plane along
the "x-axis" and volume views 850c, 850d are generated
with a longitudinal cut plane along the "y-axis". It will be
understood that any other suitable cut plane(s) can be
used. Each of the volume views includes an illustration
854a, 854b, 854c, 854d, of which part (indicated in white)
of the corresponding cross-sectional views forms the vol-
ume view.

[0064] Because the display pixels corresponding to the
interior of the lumen are often the result of blood scatter-
ing, the interior lumen pixels 856 in the volume views of
Figure 8A are set to a fixed brightness, fixed value, fixed
gray level, or fixed color. The volume view is then gen-
erated using any suitable display technique including,
but not limited to, ray tracing (e.g., ray tracing from front
to back through the data). Figure 8B illustrates the same
volume views 850a, 850b, 850c, 850d except that the
brightness, value, gray level, or color of the interior lumen
pixels have been set to black or transparent. In this em-
bodiment, the interior lumen pixels can be effectively
erased (or at least partially erased) to more clearly illus-
trated the lumen walls or even elements such as a stent
858 within the lumen.

[0065] Figure 9 is a flowchart of one embodiment of a
method of processing intravascular ultrasound images.
The method includes obtaining a set of cross-sectional
ultrasound images of a lumen of a patient blood vessel
(step 902). These ultrasound images can then be formed
into a three-dimensional array (step 904). The three-di-
mensional array is cut along one or more planes to form
a cut array (step 906). All portions of the cut array (e.g..
pixels in an image or data representing the pixels) asso-
ciated with an interior of the lumen with a fixed value to
form one or more volume views (step 908). The fixed



17 EP 3 043 717 B1 18

value can be a fixed brightness, fixed gray level, or fixed
color. In some embodiments, the fixed value can result
in the pixels being black or transparent. The volume
view(s) can then be displayed (step 910).

[0066] Any of the images, including, but not limited to,
the setof cross-sectionalimages, the first cross-sectional
image, the second cross-sectional image, the longitudi-
nal view, or any other images illustrated in Figures 4, 6,
and 8, can be saved as one or more files. The saved
images may also include the lumen border, markers on
the longitudinal view, external elastin media border, and
the like or any other items illustrated in Figures 4, 6, and
8. Inaddition, any suitable combination of the image char-
acteristics and other parameters, including, but not lim-
ited to, the lumen area, lumen diameter, average lumen
area, average lumen diameter, maximum lumen diame-
ter, minimum lumen diameter, area stenosis, plaque bur-
den, and the like or any other items illustrated in Figures
4, 6, and 8, can be saved with, in addition to, or separate
from, the image(s). The saving of images and other in-
formation may be performed automatically or at user-
initiation or at any combination thereof.

[0067] In at least some embodiments, the saved im-
ages and other information can be retrieved and dis-
played on the system and optionally may be exportable
for display on another computer or system. In at least
some embodiments, the system or another system with
suitable software can replay the imaging run. During this
replay (e.g., simulation) of the imaging run, the system
may operate similar to the display and method described
with respect to Figures 4 and 5 and update the displayed
images as they become available during the simulation
of the imaging run. In at least some embodiments, the
system or another system with suitable software can op-
erate similar to the display and method described with
respect to Figures 6 and 7 and update the displayed im-
ages as they are selected by the user.

[0068] In at least some embodiments, the displayed
images and information, or any subset of images or in-
formation, of Figures 4. 6. and 8 can be printed. In at
least some embodiments, characteristics of images,
such as lumen areas or diameters, can be printed or plot-
ted along the longitudinal view at positions that are au-
tomatically selected or user-selected or any combination
thereof.

[0069] It will be understood that each block of the flow-
chartillustrations, and combinations of blocks in the flow-
chart illustrations, as well any portion of the tissue clas-
sifier, imaging transducer(s), control module, systems
and methods disclosed herein, can be implemented by
computer program instructions. These program instruc-
tions may be provided to a processor to produce a ma-
chine, such that the instructions, which execute on the
processor, create means for implementing the actions
specified in the flowchart block or blocks or described for
the tissue classifier, imager, control module, systems and
methods disclosed herein. The computer program in-
structions may be executed by a processor to cause a
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series of operational steps to be performed by the proc-
essor to produce a computer implemented process. The
computer program instructions may also cause at least
some of the operational steps to be performed in parallel.
Moreover, some of the steps may also be performed
across more than one processor, such as might arise in
a multi-processor computer system. In addition, one or
more processes may also be performed concurrently with
other processes, or even in a different sequence than
illustrated without departing from the scope of the inven-
tion.

[0070] The computer program instructions can be
stored on any suitable computer-readable medium in-
cluding, but not limited to, RAM, ROM, EEPROM, flash
memory or other memory technology, CD-ROM, digital
versatile disks (DVD) or other optical storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other
magnetic storage devices, or any other medium which
can be used to store the desired information and which
can be accessed by a computing device.

[0071] The above specification, examples and data
provide a description of the manufacture and use of the
composition of the invention. Since many embodiments
of the invention can be made without departing from the
scope of the invention, the invention also resides in the
claims hereinafter appended.

Claims

1. A system for automatically displaying cross-section-
al images of an intravascular ultrasound (IVUS) im-
aging procedure, the system comprising a control
module (104) including:

a display (112); and

a processor (106) coupled to the display, the
control module (104) configured to perform the
following method steps:

receiving IVUS data representing data ob-
tained at a plurality of sites along a lumen;
and processing the IVUS data to form a set
of cross-sectional images,

wherein the cross-sectional images are lon-
gitudinally-offset from one another along a
length of the lumen; characterised in that
the control module (104) is configured for
automatically selecting, without user inter-
vention, and concurrently displaying, on the
display (112), i) a minimum lumen image
from the set of cross-sectional images, ii) a
maximum lumen image selected from at
least a subset of the set of cross-sectional
images, and iii) a numerical indication of ar-
ea of stenosis calculated from a minimum
lumen area and a maximum lumen area.
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The system of claim 1, wherein the maximum lumen
image is selected from the subset of cross-sectional
images obtained prior the minimum lumen image.

The system of claim 1, wherein the minimum lumen
image is selected based on lumen area.

The system of claim 1, wherein the minimum lumen
image is selected based on lumen diameter.

The system of claim 1, wherein the control module
(104) is further configured to display a longitudinal
view of the lumen based on the cross-sectional im-
ages.

The system of claim 4, wherein the control module
(104) is further configured to indicate on the longitu-
dinal view positions of the minimum lumen image
and the maximum lumen image.

The system of claim 1, wherein the control module
(104) is further configured to display a numerical in-
dication of plaque burden.

The system of claim 1, wherein the control module
(104) is further configured to provide a lumen bound-
ary around the lumens of the minimum lumen image
and the maximum lumen image.

The system of claim 1, wherein the control module
(104) is further configured to display a lumen border
on minimum lumen image and the maximum lumen
image.

The system of claim 1, wherein the control module
(104) is further configured to display an area esti-
mate for either the minimum lumenimage or the max-
imum lumen image or both.

The system of claim 1, wherein the control module
(104) is further configured to display an estimated
lumen diameter for either the minimum lumen image
or the maximum lumen image or both.

The system of claim 1, wherein the area of stenosis
is calculated as (1-(minimum lumen area/maximum
lumen area))*100%.

Patentanspriiche

1.

System zum automatischen Anzeigen von Quer-
schnittsbildern eines IVUS-(intravaskularer Ultra-
schall) Bildgebungsverfahrens, wobei das System
ein Steuermodul (104) aufweist, mit:

einer Anzeige (112); und
einem mit der Anzeige verbundenen Prozessor
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(106), wobei das Steuermodul (104) dafiir kon-
figuriert ist, die folgenden Verfahrensschritte
auszufuhren:

Empfangen von IVUS-Daten, die Daten
darstellen, die an mehreren Stellen entlang
eines Lumens erhalten werden; und
Verarbeiten der IVUS-Daten zum Erzeugen
eines Satzes von Querschnittsbildern, wo-
bei die Querschnittsbilder entlang einer
Lange des Lumens in Langsrichtung von-
einander versetzt sind;

dadurch gekennzeichnet, dass das Steu-
ermodul (104) dafir konfiguriert ist,

i) ein Bild eines minimalen Lumens aus
dem Satz von Querschnittsbildern,

ii) ein Bild eines maximalen Lumens,
das aus mindestens einem Teilsatz des
Satzes von Querschnittsbildern ausge-
wahlt ist, und iii) eine numerische An-
zeige eines Stenosebereichs, der aus
einer minimalen Lumenflache und ei-
nermaximalen Lumenflache berechnet
wird, ohne Einwirkung durch einen Be-
nutzer automatisch auszuwahlen und
gleichzeitig auf der Anzeige (112) dar-
zustellen.

System nach Anspruch 1, wobei das Bild des maxi-
malen Lumens aus dem Teilsatz von Querschnitts-
bildern ausgewahlt wird, die vor dem Bild mit dem
minimalen Lumen erhalten wurden.

System nach Anspruch 1, wobei das Bild des mini-
malen Lumens basierend auf einer Lumenflache
ausgewahlt wird.

System nach Anspruch 1, wobei das Bild des mini-
malen Lumens basierend auf einem Lumendurch-
messer ausgewahlt wird.

System nach Anspruch 1, wobei das Steuermodul
(104) ferner dafir konfiguriert ist, eine Langsansicht
des Lumens basierend auf den Querschnittsbildern
anzuzeigen.

System nach Anspruch 4, wobei das Steuermodul
(104) ferner dafur konfiguriert ist, auf der Langsan-
sicht Positionen des Bildes des minimalen Lumens
und des Bildes des maximalen Lumens anzuzeigen.

System nach Anspruch 1, wobei das Steuermodul
(104) ferner dafiir konfiguriert ist, eine numerische
Anzeige einer Plaque-Belastung anzuzeigen.

System nach Anspruch 1, wobei das Steuermodul
(104) ferner daflr konfiguriert ist, eine Lumengrenze
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um die Lumen des Bildes des minimalen Lumens
und des Bildes des maximalen Lumens bereitzustel-
len.

System nach Anspruch 1, wobei das Steuermodul
(104) ferner daflir konfiguriert ist, eine Lumengrenze
auf dem Bild des minimalen Lumens und dem Bild
des maximalen Lumens anzuzeigen.

System nach Anspruch 1, wobei das Steuermodul
(104) ferner dafurr konfiguriertist, eine Flachenschat-
zung fur das Bild des minimalen Lumens und/oder
fur das Bild des maximalen Lumens anzuzeigen.

System nach Anspruch 1, wobei das Steuermodul
(104) ferner dafiir konfiguriert ist, einen geschatzten
Lumendurchmesser fir das Bild des minimalen Lu-
mens und/oder fir das Bild des maximalen Lumens
anzuzeigen.

System nach Anspruch 1, wobei der Stenosebereich
als (1-(minimale Lumenflache/maximale Lumenfla-
che))*100% berechnet wird.

Revendications

Systeme pour afficher automatiquement des images
de section transversale d’une procédure d’imagerie
ultrasonore intravasculaire (IVUS), le systeme com-
prenant un module de commande (104) incluant :

un afficheur (112) ; et

un processeur (106) couplé a I'afficheur, le mo-
dule de commande (104) configuré pour réaliser
les étapes de procédé suivantes :

réception des données IVUS représentant
des données obtenues en une pluralité de
sites le long d’'une lumiére ;

et traitement des données IVUS pour for-
mer un ensemble d'images de section
transversale,

dans lequel les images de section transversale
sont décalées longitudinalement les unes des
autres le long d’une longueur de la lumiére ; ca-
ractérisé en ce que le module de commande
(104) est configuré pour

sélectionner automatiquement sans interven-
tion d’un utilisateur, et afficher simultanément,
sur I'afficheur (112), i) une image de lumiéere mi-
nimale depuis I'ensemble d'images de section
transversale, ii) une image de lumiére maximale
sélectionnée depuis au moins un sous-ensem-
ble de I'ensemble d’images de section transver-
sale, et iii) une indication chiffrée de zone de
sténose calculée a partir d’'une zone de lumiére
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minimale et d’'une zone de lumiére maximale.

Systéme selon la revendication 1, dans lequel 'ima-
ge de lumiére maximale est sélectionnée depuis le
sous-ensemble d’images de section transversale
obtenues antérieurement a 'image de lumiére mini-
male.

Systéme selon la revendication 1, dans lequel 'ima-
ge de lumiere minimale est sélectionnée sur la base
d’une zone de lumiére.

Systéme selon la revendication 1, dans lequel 'ima-
ge de lumiere minimale est sélectionnée sur la base
d’un diameétre de lumiére.

Systéme selon larevendication 1, dans lequel le mo-
dule de commande (104) est en outre configuré pour
afficher une vue longitudinale de la lumiere sur la
base des images de section transversale.

Systéme selon larevendication 4, dans lequel le mo-
dule de commande (104) est en outre configuré pour
indiquer sur la vue longitudinale des positions de
I'image de lumiére minimale et de 'image de lumiére
maximale.

Systéme selon larevendication 1, dans lequel le mo-
dule de commande (104) est en outre configuré pour
afficher une indication chiffrée de fardeau de pla-
ques.

Systéme selon larevendication 1, dans lequel le mo-
dule de commande (104) est en outre configuré pour
fournir une limite de lumiére autour des lumiéres de
I'image de lumiére minimale et de 'image de lumiére
maximale.

Systéme selon larevendication 1, dans lequel le mo-
dule de commande (104) est en outre configuré pour
afficher une limite de lumiéere sur 'image de lumiére
minimale et 'image de lumiére maximale.

Systéme selon larevendication 1, dans lequel le mo-
dule de commande (104) est en outre configuré pour
afficher une estimation de zone pour soit 'image de
lumiére minimale soit I'image de lumiére maximale
ou les deux.

Systéme selon larevendication 1, dans lequel le mo-
dule de commande (104) est en outre configuré pour
afficher un diamétre de lumiére estimé pour soit
I'image de lumiere minimale soit 'image de lumiére
maximale ou les deux.

Systeme selon larevendication 1, dans lequel la zone
de sténose est calculée comme étant (1-(zone de lu-
miére minimale/zone de lumiére maximale))*100 %.
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