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7) ABSTRACT

Intravascular devices, systems, and methods are disclosed. In
some embodiments, a medical imaging system for imaging
vasculature of a patient is provided. The imaging system
includes a console that has one or more processors with a
medical imaging system interface running thereon, an acqui-
sition card in communication with the one or more processors
and in communication with a patient interface module (PIM),
and an intravascular imaging component in communication
with the PIM and disposed on a distal end of a flexible elon-
gate member. The medical imaging system interface provides
a plurality of settings groups for selection by a user, each of
the settings groups having pre-acquisition parameters and
post-acquisition parameters that are optimal for imaging a
desired viewing target within the vasculature. Associated
methods and computer-readable media are provided.

200

230

236

ei]




Patent Application Publication =~ May 14, 2015 Sheet 1 of 5 US 2015/0133776 Al

100

S S A S A R

5
4 i
* i
idd
b3 x
¥ ®
i ]
g
B T oo

)
g

i




May 14,2015 Sheet 2 of 5 US 2015/0133776 Al

Patent Application Publication

€ "Old
zog N
Hcm:wwﬂoo < » ez diyo |« > 0ZZ Wid |« p BUCPIBO g »> coe < » 0¥z Aeidsia
< > ! > < 7 uowsinboy { Tl asjonucy | i’ ,
BuiBew o
\~\4 vog
00¢
¢ Old
[t
1
agz
802
. pies) vonSNboY » | Z1 2 sweiboidg
ozz % 0iz eeg
N
0 | vozndo 1 9oz Kioweny
-~
yez /A A/ Z0z
0zZ j
Wid \
| OW| {
/ \ zzze
zee \
¥z -
82C ovwx

00c




¥ Old

US 2015/0133776 Al

May 14,2015 Sheet 3 of 5

074

Patent Application Publication

| elqesig ®  e|qeuqy _ spopy djepdn [ oo
| alqesig © aigeuy @ | sopueaQ sbumes T,
4 vsy \—-85¢
T — /f(l\]/ s —= /I\'/
xen ; uty {s)1om14
N |, up {(shisesjuo) ,
xeW i Ut uien) alemyjos zay
Xey Uy | UIBE) PJED) UOIHSINBOY
e [ uiy ues) Nid
omﬂ/\ 05 ey ) Ut uer) JsjayieD
w (2A17) epoy anbe|d vmnoz Buibeiy| Emtzo_
MBIA [N
<= sBuimag sojsuieIEd
ﬁ SSPOW JOYI0 H/\o?n
N 71 h SOy SISOqUIOIY L W/ .~
ﬁ apoy uonelsuad ybiH u\/\mmv
o:u\/\ i — PEr
o m 9POW JuelS u\J/‘me\
oey <=1 UOI09[9S Bpol Bulbew
>0 — dieH  MOPUM  MSIA  SI00L  UPT ol
-
zZov




US 2015/0133776 Al

May 14,2015 Sheet 4 of 5

00S

Patent Application Publication

ICH

MSIA [INd

|_ogesia @  eigeu3 & | epowerepdn |y
[ eigesig & elgeuy @ | epuienQ sbumes | o9y
9G¥ v - g6p
T e e e e
xep i ey (s)sayid
XBiNf [} i (shsenuon \
Xepy ] Ui uieey alemyos .
X2 uy | wen) paed uossinboy | /N
xep i ues Wid YIN
xep i uien) isislieD) VIN LA Z5%
_ (Papi10oay) 9po anbe|d FUOE mc_mmE:cmt:O# I
\_. 0S¥
S —" sbuniag JsjaLleled [enpiApu| 205
}
08P ~ 2905 8905 voos
\ N B! ) A
L { {
M BPON 1O u | aweweg || emyoww || man |
N
ﬁ 8poj sIsoquuesy | L _ _ _ _
ﬁ SPON dH v 06 Y VIN _ dH _ s _ ¢ ald _
qros \/L sSQg _ anbeld _ O3PIA
= vpos Tl WIN weig s
SpOW 8IS
uopen | epopy "boy | edA
uonDaes apow Buibeuwy
—_— b =1 Adeigry ebew| paploos

b=l

dieH MOPUIAMA  MSIA  S|00}

pa o4




Patent Application

Publication = May 14, 2015 Sheet 5 of 5 US 2015/0133776 Al

602 1’

.

Positioning a medical imaging device into vasculature of a
patient at an area of interest.
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604 \ Selecting a desired settings group from a plurality of settings
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groups in an interface that provides control over the medical
imaging device.
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Collecting imaging data at the area of interest using the
medical imaging device.
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VISUALLY OPTIMIZED INTRAVASCULAR
IMAGING AND ASSOCIATED DEVICES,
SYSTEMS, AND METHODS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority to and the
benefit of the U.S. Provisional Patent Application No. 61/903,
764, filed Nov. 13, 2013, which is hereby incorporated by
reference in its entirety.

TECHNICAL FIELD

[0002] Thepresent disclosure is related to medical imaging
systems as used in the treatment of various maladies. In
particular, embodiments disclosed herein are particularly
suited for use in intravascular and intracardiac imaging and
treatment systems.

BACKGROUND

[0003] Heart disease is one of many serious conditions that
can require emergency operations to save lives. A main cause
ofheart disease is the accumulation of plaque inside the blood
vessels, which eventually occludes the blood vessels. Com-
mon treatment options available to open up the occluded
vessel include balloon angioplasty, rotational atherectomy,
and intravascular stents. Clinicians may rely on intravascular
imaging systems to observe and characterize conditions in
order to determine the best course of treatment. Other condi-
tions also necessitate investigations within a patient’s body.
[0004] Some of these techniques, like intravascular ultra-
sound (IVUS) and optical coherence tomography (OCT),
may utilize intravascular devices like catheters and
guidewires. Often intravascular catheters and guidewires are
utilized to visualize the inner lumen of the blood vessel. Such
catheters and guidewires contain imaging elements and may
also contain other electronic, optical, or electro-optical com-
ponents. Obtaining useful images from within the vasculature
of a patient by imaging sensing devices has a number of
difficulties. The structures and features to be visualized in a
target area can have significantly different properties which
may respond very differently to a visualization mechanism
such as ultrasound. For example, the ultrasonic backscatter
from a stent is very different that from soft tissue or plaque.
The different reactions complicate visualization of either type
of feature in a target area.

[0005] Accordingly, there remains a need for improved
intravascular devices, systems, and methods that can provide
useful imaging data from the varied features to be observed
within a target area.

SUMMARY

[0006] Embodiments of the present disclosure are directed
to intravascular devices, systems, and methods.

[0007] Inoneembodiment, a method for optimally viewing
medical images is provided. The method includes steps of
positioning a medical imaging device into vasculature of a
patient at an area of interest and selecting a desired settings
group from a plurality of settings groups ina medical imaging
system interface that provides control over the medical imag-
ing device. The medical imaging device is communication
with a medical imaging system, and the desired settings group
includes parameters affecting acquisition over an acquisition
pipeline of the medical imaging system. The method further
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includes a step of collecting imaging data at the area of
interest using the medical imaging device.

[0008] In another embodiment, a medical imaging system
for imaging vasculature of a patient is provided. The imaging
system includes a console that has one or more processors
with a medical imaging system interface running thereon, an
acquisition card in communication with the one or more
processors and in communication with a patient interface
module (PIM), and an intravascular imaging component in
communication with the PIM and disposed on a distal end of
a flexible elongate member. The medical imaging system
interface provides a plurality of settings groups for selection
by a user, each of the settings groups having pre-acquisition
parameters and post-acquisition parameters that are optimal
for imaging a desired viewing target within the vasculature.

[0009] In yet another embodiment, a computer-readable
medium including instructions is provided. The instructions
when executed by one or more processors of an medical
imaging system, causes the medical imaging system to per-
form a method for optimally viewing medical images. The
method includes steps of selecting a desired settings group
from a plurality of settings groups in a medical imaging
system interface that provides control over the medical imag-
ing device, propagating the parameters of the desired settings
group to components of the acquisition pipeline, collecting
imaging data at the area of interest using the medical imaging
device. The desired settings group includes parameters affect-
ing acquisition over an acquisition pipeline of the medical
imaging system.

[0010] Additional aspects, features, and advantages of the
present disclosure will become apparent from the following
detailed description.

[0011] These and other embodiments will be described in
further detail below with respect to the following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is diagram of a medical imaging system
according to some embodiments of the present disclosure.
[0013] FIG. 2 is a diagram of another medical imaging
system according to some embodiments of the present dis-
closure.

[0014] FIG. 3 is a diagram of an imaging pipeline such is
present in the medical imaging systems of FIGS. 1 and 2
according to some embodiments of the present disclosure.
[0015] FIG. 4 is a diagram of a medical imaging interface
for live image viewing according to some embodiments of the
present disclosure.

[0016] FIG. 5is a diagram of a medical imaging interface
for recorded image viewing according to some embodiments
of the present disclosure.

[0017] FIG. 6 is a method for optimally viewing medical
images according to some embodiments of the present dis-
closure.

[0018] For clarity of discussion, elements having the same
designation in the drawings may have the same or similar
functions. The drawings may be better understood by refer-
ring to the following Detailed Description.

DETAILED DESCRIPTION

[0019] For the purposes of promoting an understanding of
the principles of the present disclosure, reference will now be
made to the embodiments illustrated in the drawings, and
specific language will be used to describe the same. It is
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nevertheless understood that no limitation to the scope of the
disclosure is intended. Any alterations and further modifica-
tions to the described devices, systems, and methods, and any
further application of the principles of the present disclosure
are fully contemplated and included within the present dis-
closure as would normally occur to one skilled in the art to
which the disclosure relates. In particular, it is fully contem-
plated that the features, components, and/or steps described
with respect to one embodiment may be combined with the
features, components, and/or steps described with respect to
other embodiments of the present disclosure. For the sake of
brevity, however, the numerous iterations of these combina-
tions will not be described separately.

[0020] FIG. 1 is a schematic diagram depicting a medical
imaging system 100. In general, the medical imaging system
100 provides for coherent acquisition, integration, and con-
solidation of multiple forms of acquisition and processing
elements designed to be sensitive to a variety of methods used
to acquire and interpret human biological physiology and
morphological information and to coordinate treatment of
various conditions. In one embodiment, the medical system
100 includes a processing system 101 that is a computer
system with the hardware and software to acquire, process,
and display medical data, but, in other embodiments, the
processing system 101 may be any other type of computing
system operable to process medical data. In the embodiments
in which processing system 101 is a computer workstation,
the system includes at least one processor such as a micro-
controller or a dedicated central processing unit (CPU), a
non-transitory computer-readable storage medium such as a
hard drive, random access memory (RAM), and/or compact
disk read only memory (CD-ROM), a video controller such as
a graphics processing unit (GPU), and a network communi-
cation device such as an Ethernet controller or wireless com-
munication controller.

[0021] Insomeembodiments, the processing system 101 is
programmed to execute steps associated with the medical
image acquisition, analysis, and control described herein.
Accordingly, it is understood that any steps related to data
acquisition, data processing, instrument control, and/or other
processing or control aspects of the present disclosure may be
implemented by the processing system 101 using correspond-
ing instructions stored on or in a non-transitory, computer-
readable medium accessible by the processing system. In
some instances, the processing system 101 is portable (e.g.,
handheld, on a rolling cart, etc.). Further, it is understood that
in some instances processing system 101 comprises a plural-
ity of computing devices. In that regard, it is particularly
understood that the different processing and/or control
aspects of the present disclosure may be implemented sepa-
rately or within predefined groupings using a plurality of
computing devices. Any divisions and/or combinations of the
processing and/or control aspects described below across
multiple computing devices are within the scope of the
present disclosure.

[0022] In the depicted embodiment, the medical imaging
system 100 is deployed in a catheter lab 102 having a control
room 104, with the processing system 101 being located in
the control room. In other embodiments, the processing sys-
tem 101 may be located elsewhere, such as inside the catheter
lab 102, in a centralized area in a medical facility, or at an
off-site location accessible by an extended network. The cath-
eter lab and control room may be used to perform on a patient
any number of medical sensing procedures known in the art.
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A patient 106, depicted in catheter lab 102, may be undergo-
ing a single modality or multi-modality procedure either as a
single procedure or in combination with one or more sensing
procedures. For example, an angioplasty procedure may be
performed to position a stent in a target location in a target
region of the vasculature of the patient 106.

[0023] Inthe illustrated embodiment of FIG. 1, intravascu-
lar device 108 is a medical imaging device that may be uti-
lized by a clinician to acquire medical imaging data about the
patient 106 and/or to provide a treatment to the patient 106.
For instance, the intravascular device 108 may images by
using ultrasound (e.g., IVUS), OCT, thermal, and/or other
imaging techniques. The intravascular device 108 may be any
form of device, instrument, catheter, or probe that is sized and
shaped to be positioned within a vessel. In some embodi-
ments, intravascular device 108 may be combined with a
non-imaging component into a single package that is sized
and shaped to be positioned within a vessel. As illustrated, the
IVUS instravascular device 108 is an IVUS catheter that
includes one or more sensors such as a phased-array trans-
ducer to collect IVUS sensing data. In some embodiments,
the intravascular device 108 may be capable of multi-modal-
ity sensing such as both IVUS and intravascular photoacous-
tic (IVPA) sensing, or OCT and IVUS sensing, etc.

[0024] In the depicted embodiment, a patient interface
module (PIM) 112 couples the intravascular device 108 to the
medical imaging system 100. The PIM 112 facilitates the
exchange of information between the intravascular device
108 and the processing system 101, serving as a medical
device interface therebetween. This information includes
imaging data transmitted from the intravascular device 108 to
the processing system 101 and commands and settings, which
may include individual parameter specifications, communi-
cated from the processing system 101 to the PIM 112 and to
the intravascular device 108 itself. Thus, the PIM 112 is
operable to receive medical imaging and/or sensing data col-
lected from the patient 106 using the intravascular device 108
and to transmit the received data to a processing system such
as the processing system 101.

[0025] In the depicted embodiment, the PIM 112 includes
analog-to-digital (A/D) and/or digital-to-analog (D/A) con-
verters and transmits digital data to the processing system 101
and analog signals to the imaging device 108. However, in
other embodiments, the PIM 112 may transmit and receive
analog and/or digital data to and from the processing system
101 and/or the imaging device 108. In one embodiment, the
imaging PIM 112 transmits medical imaging data and/or
receives commands over a high-speed data bus connection or
a high-speed wireless networking standard. In embodiments
where PIM 112 incorporates a user interface, commands may
be received through the user interface rather than from a
networked source.

[0026] A bedside controller 118 is also communicatively
coupled to the processing system 101 and provides user con-
trol of the particular medical modality (or modalities) being
used to diagnose the patient 106. In the current embodiment,
the bedside controller 118 is a touch screen controller that
provides user controls and diagnostic images on a single
surface within the field of operation. In alternative embodi-
ments, however, the bedside controller 118 may include both
anon-interactive display and separate controls such as physi-
cal buttons and/or a joystick, and/or a keyboard and mouse. In
the integrated medical imaging system 100, the bedside con-
troller 118 is operable to present control options for the intra-
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vascular device 108 and patient imaging data collected there-
from in graphical user interfaces (GUIs). Additionally, the
controller 118 may be coupled to the PIM 112 to communi-
cate with it over a high-speed wired or wireless connection or
link.

[0027] The medical imaging system 100 provides a medi-
cal imaging system interface by which a variety of settings
groups may be selected from by a user. The settings groups
include a plurality of parameters that are pre-set in order to
optimize the viewing of specific features at a target area. More
detail regarding the settings groups and the selection thereof
is provided later in this disclosure.

[0028] A main controller 120 in the control room 104 adja-
cent to the catheter lab 102 is also communicatively coupled
to the processing system 101 and/or the PIM 112. In the
current embodiment, the main controller 120 is similar to the
bedside controller 118 in that it includes a touch screen and is
operable to display a multitude of GUI-based controls corre-
sponding to different medical sensing modes via a Ul frame-
work service executing thereon. In alternative embodiments,
the main controller 120 may include a non-interactive display
and standalone controls such as a mouse and keyboard. In
some embodiments, the processing system 101 may be
absent, such that the intravascular device 108 is controlled
only through the bedside controller 118 and/or the main con-
troller 120. In such an embodiment, the imaging data col-
lected is at least temporarily stored in the controller 118
and/or 120.

[0029] Thus, while in the depicted embodiment PIM 112 is
in communication with the processing system 101 as
described above, in some embodiments, the bedside control-
ler 118 receives data from and communicates commands to
PIM 112 instead. And in some embodiments, the main con-
troller 120 additionally oralternatively receives data from and
communicates commands to PIM 112.

[0030] Referring to FIG. 2, shown therein is an alternative
medical imaging system 200 that shares a number of features
with the medical imaging system 100 described above in
connection with FIG. 1. The medical imaging system 200
may be understood as a subset of the medical imaging system
100, while generally having the same capabilities when col-
lecting, processing, and viewing imaging data from a patient.
The medical imaging system 200 includes a controller 202,
which may be a workstation-type controller or may be a
hand-held computing device such as a tablet computing
device. The controller 202 includes one or more processors,
illustrated as central processing unit (CPU) 204, in commu-
nication with a memory 206 and an acquisition card 208,
which may include a plurality of analog components and
field-programmable gate arrays.

[0031] The memory 206 may include multiple types of
memory and/or multiple levels of memory. Thus, memory
206 may include random access memory (RAM), read only
memory (ROM), ahard disk drive, asolid-state drive, etc. The
memory 206 stores data 210, which may include imaging data
collected using an intravascular device and parameter settings
therefor, and programs 212, which may provide for imaging
data collection, for the manipulation of collected data, and for
the selection and implementation of settings and parameters
associated with the imaging collection process and devices.
[0032] The acquisition card 208 provides an interface
between the controller 202 and a PIM 220, being coupled
thereto by a high-speed link 222. In some embodiments, more
than one acquisition card may be present in the medical
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imaging system 200. For example, acquisition card 208 may
be present on the controller 202, while another is present in
the PIM 220 or in a bedside box, such as the beside controller
118 of FIG. 1. The PIM 220 includes a processor or micro-
controller (MC) 224 that facilitates communication with and
control of an imaging device 230, such as an IVUS catheter or
intravascular device. The PIM 220 includes a sled 226 that
can be used to move the PIM 220 and thereby the imaging
device 230 during controlled translational movements, such
as a “pullback” movement. The PIM 200 includes a device
socket 228 that is used to couple the imaging device 230 to the
PIM 200. The imaging device 230 includes a coupler 232 at
its proximal end, which is inserted into the socket 228 to
communicatively and physically secure the imaging device
230 to the PIM 220. In some embodiments, the imaging
device 230 may be a rotational IVUS catheter. In such
embodiments, the socket 228 is configured to rotate to pro-
vide for the rotation of the coupled imaging device 230.

[0033] Theimaging device 230 further includes a chip 234.
In some embodiments, the chip includes a ROM, such as an
erasable programmable ROM (EPROM), that includes infor-
mation regarding the imaging device 230, such as an identifier
of the type of device it is. The chip 234 may further include
parameters for settings, like gain, that may be implemented
on the imaging device 230. The parameters may be changed
by communication through the PIM 220. In some embodi-
ments, the chip 234 is a microcontroller that can communi-
cate with the PIM 220 in the control of an imaging component
236 disposed at a distal end of the imaging device 230 and in
receiving data therefrom. The chip 234 is illustrated as being
included in the coupler 234, but in other embodiments may be
located elsewhere within the imaging device 230 and/or the
PIM 220.

[0034] Referring now to FIG. 3, the collection of imaging
data from the imaging component 236 may include the appli-
cation of many different settings parameters and processing
along the imaging pipeline 300. The pipeline 300 extends
from the imaging component 236 where data is collected all
the way to a display 240 (coupled to the controller 202). The
pipeline thus includes the imaging component 236, the chip
234, the PIM 220, the acquisition card 208, and the CPU 205,
which may apply additional settings-associated processing
by the programs 212 running thereon. In some embodiments,
amany different settings may be controlled by various param-
eters. The settings may include several different gain settings,
time gain compensation (TGC) settings, contrast settings, and
various filter settings.

[0035] Beginning at the imaging component side and work-
ing through the pipeline 300, some of the controllable settings
include transmit pulse frequency and shape, transmit pulse
amplitude, coded transmit sequence, coded transmit fre-
quency, coded transmit amplitude, transmit sequencing for
arrays, pulse repetition frequency. The controllable settings
also may include PIM rotational speed, PIM pullback speed,
array beam forming and focusing, array apodization, digiti-
zation rate, frame rate, field-of-view, coherent data averaging
(whether a-line based or frame-based), and bandpass filtering
(analog or digital) to remove high-frequency noise and low-
frequency drift, ringdown removal ON/OFF, ringdown
removal settings, non-linear rank filter settings, envelope
detection settings, dynamic range, saturation, blood flow
detection settings (sensitivity, thresholds, and Doppler set-
tings), compression settings, persistence, and other recursive
filter settings, color mapping settings.
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[0036] This large number of settings that may be controlled
by varying parameters through the pipeline 300 can compli-
cate the selection of appropriate parameters for a clinician
during a given surgical procedure. The pipeline 300 may be
understood as having two main stages: a pre-acquisition stage
302 and a post-acquisition stage 304 as illustrated in FIG. 3.
The pre-acquisition stage 302 and the post-acquisition stage
both include many settings and may include sequential set-
tings of a single type. For example, the pipeline 300 may
include a gain setting at the chip 234, another gain setting at
the PIM 220, and yet another gain setting implemented by the
acquisition card 208. While the gain settings at each of the
pipeline-components may serve similar functions, they are
not necessarily fungible. Thus, the application of a certain
level of gain at the PIM 220 may have some differences if a
similar level of gain were to be applied at the acquisition card
208. In some embodiments, the post-acquisition stage 304
may include some of the features provided by the acquisition
card 208, while the pre-acquisition stage 302 includes some
other features provided thereby.

[0037] Allowing a user access to individually adjust each
parameter in pipeline components of the pre-acquisition stage
302 and the post-acquisition stage 304 could complicate the
operation enough to make an imaging system like the system
200 too difficult to use in an effective manner for different
types of evaluations. However, if control of the settings is not
presented to the user, the full capabilities of the imaging
system are not realized. Further, when imaging data is col-
lected from imaging component 236, the imaging data passes
through the pipeline 300. After the processed data leaves the
acquisition card 208, it may be processed further by programs
212 running on the CPU 204 and/or it may be stored for later
viewing and analysis. In general, after imaging data is stored
in memory 206 or in networked storage, only some of the
processing may be “undone”. The software processing per-
formed by the programs 212 may be performed using differ-
ent settings, but the settings applied during the pre-acquisi-
tion stage will limit the available adjustments.

[0038] Certain features at a target area within a patient may
be better viewed by having certain settings applied. For
instance at a particular target area within a patient, it may be
useful to view both a stent and atherosclerotic plaque. Given
the different properties of these two imaging subjects, differ-
ent settings may be needed to image both in detail. For
example, because the stent may reflect ultrasound energy
much more readily than plaque does, a relatively lower gain
setting may improve the useful detail in obtained images.

[0039] Also, certain filter stages may be better for one
imaging subject than another. For example, aggressive filter-
ing of the signal may lower the noise level and permit the
visualization of plaque, plaque borders, or thrombus. How-
ever, the corresponding decrease in bandwidth may compro-
mise the axial resolution and degrade the ability to visualize
stents. Filters are used throughout the pipeline to achieve
various goals. The analog and digital filters near the front of
the pipeline 300 may limit the signal bandwidth in order to
reduce noise. In some situations, a user may be willing to
accept more noise, to get more bandwidth as it may provide
improved image resolution. Or, the user might want to reduce
noise at the expense of bandwidth. Filters later in the pipeline
may serve other purposes such as envelope detection of the
signal and “persistence”. Persistence may smooth moving
images by performing a frame-to-frame weighted average.
Thus, providing appropriate control to a user of a medical
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imaging system, like medical imaging systems 100 and 200,
may facilitate the collection of more detailed, accurate imag-
ing data.

[0040] One ofthe programs 212 running on the CPU 204 of
the controller 202 of FIG. 2 or the bedside controller 118 or
the main controller 120 of FIG. 1 provides a medical imaging
system interface to facilitate the appropriate control of set-
tings that may be applied in the imaging pipeline 300.
Embodiments of such a medical imaging system interface are
illustrated in FIGS. 4 and 5 and described below.

[0041] Referring now to FIG. 4, an illustration of a medical
imaging system interface 400 is shown. The system interface
400 is a graphical user interface that may be provided by
medical imaging system 100 or 200 to a user during an imag-
ing procedure. For example, the system interface 400 may be
provided to a user through a display coupled to a controller
running a program to enable the collection and processing of
imaging data. The display may be a touch-screen display,
allowing a user to make selections through the display itself.
In embodiments of medical imaging systems in which the
display is not a touch-screen display, inputs may be received
by the use of a keyboard, mouse, or otherinput device, such as
voice-control.

[0042] The system interface 400 includes a main window
402 that includes a number of controls and also presents
several sub-windows, which may be adjusted in size so that a
given sub-window occupies an entire display or so that it is
essentially hidden from a user’s view. The main window 402
includes a full view window 410, a region of interest (ROI)
window 420, an imaging mode selection window 430, and an
individual parameter settings window 450.

[0043] The full view window 410 provides the user with a
scaled view of imaging data being collected from a target area
at amoment. As illustrated, the full view window 410 shows
a longitudinal view along a portion of vasculature within a
patient. This window 410 may be increased or decreased in
size. The full view window 410 also provides a user with the
ability to select a region of interest, such as the ROI 412, for
display in the ROI window 420. The ROI window 420 may
allow for a full resolution view of the ROI 412 selection in the
full view window 410 or simply a higher resolution view than
in the full view window 410.

[0044] The system interface 400 further includes the imag-
ing mode selection window 430. The selection window 430
includes a plurality of groups of settings, or settings groups,
that are optimized for viewing a specific feature at the target
area. For example, the selection window 430 provides a but-
ton to select a stent mode 432 that includes a plurality of
settings with parameters set so as to improve the visual depic-
tion of a stent at the target area. This may be used to ensure
proper positioning of the stent within the patient. For
example, the stent mode 432 may lower gain settings applied
by software in programs 212, the acquisition card 208, the
PIM 220, and/or the imaging device 230. The contrast may be
set higher. In contrast, by selection of a plaque mode 434, or
soft tissue mode, a group of parameters may be implemented
in various settings so that the gain is increased throughout the
imaging pipeline, and the contrast may be set lower. In gen-
eral, low contrast settings are better for looking at plaque
subtleties and blood flow, while high contrast settings are
used more for getting clear borders and gross morphology.
High contrast is also typically preferred when the physician is
sitting far from the display.
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[0045] Furthermore, because certain elements within the
image tend to have similar gray scale levels, boosting the
intensity of these levels can emphasize these elements. For
example, by boosting the lower intensity signals, itis possible
that the appearance of blood could be enhanced. Inversely, by
turning down these gray levels, the blood appearance might
be de-emphasized.

[0046] The settings groups may be optimized such that an
overall effect of a setting may be achieved non-uniformly
across the pipeline. For example, in lowering the gain when
switching from plaque mode 434 to the stent mode 432, more
of the decrease may be obtained by a decrease of PIM-related
gain than from acquisition card gain in some embodiments.
The thrombosis mode 328 may include high gain and time
gain compression. These settings are pre-programmed and
then accessed by selection of a mode through the selection
window 430.

[0047] As illustrated, the selection window 430 presents a
stent mode 432, a plaque mode 434 (which appears selected
in FIG. 4), a high penetration mode 436, a thrombosis mode
438, and may include other modes 440. By selecting any
mode on the selection window 430, a user of the medical
imaging system may set parameters in a plurality of both
pre-acquisition stage settings and post-acquisition stage set-
tings. The implementation of the settings of a particular set-
tings group may be propagated through the imaging pipeline
in a number of ways. In some embodiments, parameters are
directly communicated from the system interface 400 to the
acquisition card 208, the microcontroller 224 of PIM 220,
and/or the chip 234 of the imaging device 230. Alternatively,
the desired setting may be requested and interpreted by each
processor or microcontroller in the pipeline, and then imple-
mented by that processor or microcontroller at its level. For
example, a specific gain parameter may be transmitted to the
chip 234 ora desired gain setting may be communicated to the
chip 234, which then implements a corresponding parameter
to achieve that desired gain setting.

[0048] Insome embodiments, the ability of a user to adjust
the parameters of the pipeline may be limited to a selection
from the modes presented in the selection window 430. How-
ever, in other embodiments, when a mode is selected through
the selection window 430, additional information may be
presented to the user in a parameter settings window 450. The
parameter settings window 450 indicates the current imaging
mode, as selected from the selection window 430, and pro-
vides further detail. Exemplary settings 452 are displayed in
the settings window 450 with a name or identifier 454 of the
setting and an indication of the parameter 456 of the setting.
In some embodiments, the settings window 450 includes an
override selector 458. As illustrated, the override selector 458
is a “radio button” type of interface element, presenting the
option to disable or to enable a settings override mode in
which a user, having previously selected an imaging mode
through the selection window 430, may then modify the pre-
programmed settings. The parameter settings window 450
may present all available individual settings with their asso-
ciated potential parameter values or may only present a sub-
set. By enabling the settings override mode, a user may be
able to further tailor the pre-programmed settings associated
with the selected imaging mode without having to set each
parameter of each setting individually.

[0049] In some instances, a user may want to save the
fine-tailoring so that the selection of an imaging mode in the
selection window 430 includes the tailored setting or settings.
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The update mode selector 460 is an interface element that
allows a user to do this. By enabling the update mode the
individually adjusted parameters of the individual settings
may be automatically stored for future access by selecting the
associated settings mode in the selection window 430. When
the update mode is disabled by the update mode selector 460,
the tailoring of parameters is not saved and may be undone by
selecting a different settings mode from the selection window
430.

[0050] Other embodiments of the medical imaging system
interface 400 may include different types of interface ele-
ments. For example, rather than having slider-type selection
elements, which may be continuously adjusted or have dis-
crete positions along the length thereof, to adjust the param-
eters 456 of the settings 452, other types of user interface
elements may be used, such as a dialog box, where a numeri-
cal parameter may be entered expressly, or radio buttons, or
other elements. Thus, the selections presented to a user by the
system interface 400 may provide the functions described
above in many different ways. The windows 410, 420, 430,
and 450 may be resized relative to each other or hidden. For
example, once a user has selected a desired mode, such as
high penetration mode 436, the user may collapse or hide the
selection window 430 and the parameter settings window 450
and increase the size or the full view window 410 and/or the
ROI window 420. The medical imaging system interface 400
may provide a manageable system to a user, allowing that user
to make optimized adjustments throughout the imaging pipe-
line as seen in FIG. 3, including pre-acquisition and post-
acquisition stage settings and associated parameters. These
optimized adjustments may be excessively complicated and
require more familiarity and knowledge of the medical imag-
ing system than a clinician has, but the medical imaging
system interface 400 provides a streamlined system for
accessing the appropriate settings.

[0051] Referring now to FIG. 5, a medical imaging system
interface 500 is illustrated. The medical imaging system
interface 500 shares many of the features described above in
connection with the system interface 400. However, the sys-
tem interface 500 further includes a recorded image library
502. The recorded image library 502 provides an interface to
access a library of saved imaging data, whether “still” images
or video, that were recorded earlier. The library 502 may
include imaging data obtained months or days before, and
may also include imaging data obtained just seconds before.
Thus, for example, when a pullback movement is performed
to gather imaging data along a length of an artery, the data is
stored for subsequent viewing in memory (such as memory
206 of FIG. 2 or remote networked storage) and made acces-
sible through the library 502.

[0052] The library 502 includes exemplary files S04A,
504B, and 504C. The library includes a filename, a file type,
and a duration for each file. Additionally, the library 502
includes an indication of the acquisition mode that was used
in the collection of the associated imaging data. Thus, the
filename of the exemplary file 504A is File_1, it is a still
image, thus the duration field is not applicable, and the data
was acquired using the stent mode as selected in the imaging
mode selection window 430. The library 502 permits selec-
tion of a file of imaging data and further presents buttons to
view, archive, or delete the selected file. The view button
506A may cause the file to be displayed in both the full view
window 410 and the ROI window 420 ifa ROI 412 is selected.
Selection of the archive button 506B may remove the file



US 2015/0133776 Al

from the library 502 to an archive from which it may be
retrieved later. By selecting the delete button 506C, the
selected file is deleted or removed from the library 502 and
marked for deletion.

[0053] While the imaging mode selection window 430 in
the system interface 500 may present the same selections of
settings groups or modes to a user as in the system interface
400, the settings window 450 contains some differences. The
exemplary settings 452 are illustrated, with a subset 552 of the
exemplary settings 452 being indicated as not applicable. As
discussed above, after imaging data is collected using an
intravascular imaging device, some of the acquisition settings
may be altered while others cannot be altered. Post-acquisi-
tion stage settings may be altered even after imaging data is
storedina file, while pre-acquisition stage settings may not be
altered at all or without computationally intensive reconstruc-
tion. Thus, the subset 552 of the exemplary settings 452
includes those settings that are not changeable when viewing
recorded images from the library 502. Thus, when selecting
from the selection window 430 to apply the associated set-
tings group of the selected mode to the file selected from the
library 502, only some of the settings from the selected mode,
the post-acquisition settings, may be applied. Like the medi-
cal imaging system interface 400, the system interface 500
may facilitate the control of a medical imaging system to
allow a user to better view imaging data with a specific type of
target subject in mind.

[0054] FIG. 6 is a flowchart of a method 600 for optimally
viewing intravascularly obtained medical images. The
method 600 includes several enumerated steps as illustrated.
However, embodiments of the method 600 may include addi-
tional steps before, after, and/or in between the enumerated
steps. Thus, method 600 may begin in step 602 when a medi-
cal imaging device is positioned into vasculature of a patient
at an area of interest. The medical imaging device is in com-
munication with a medical imaging system. In step 604, a
desired settings group is selected from a plurality of settings
groups in a medical imaging system interface that provides
control over the medical imaging device. The desired settings
group includes parameters affecting acquisition throughout
an acquisition pipeline of the medical imaging system. And in
step 606, imaging data is collected at the area of interest using
the medical imaging device.

[0055] To better describe an embodiment of the method 600
reference is made to the medical imaging system 200 of FIG.
2 and to the medical imaging system interface 400 of FIG. 4.
Thus, the method 600 may begin when a clinician positions
an imaging device 230 into the vasculature of a patient at a
target area (step 602). The imaging device 230 may be an
IVUS imaging device or an intravascular OCT imaging
device. The target area may be a treatment site having a stent
inserted and positioned therein.

[0056] The user/clinician selects a desired settings group,
stent mode 432, using a mouse or other input device, from a
plurality of settings groups presented in the selection window
430 (step 604). The stent mode 432 includes a plurality of
settings each having a pre-programmed parameter as seen in
the parameter settings window 450 of F1G. 4. By selecting the
stent mode 432, the user selects the pre-programmed param-
eters for each of the various settings. These settings are opti-
mized so that the stent may be clearly viewed. Then, after the
stent has been adequately observed with the optimized set-
tings, in order to more clearly depict the soft tissue near the
stent, the plaque mode 434 may be selected. The selected
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settings group includes parameters for settings throughout the
imaging acquisition pipeline, and thus includes pre-acquisi-
tion settings and post-acquisition settings. To implement the
settings group, the parameters may be propagated throughout
the imaging acquisition pipeline.
[0057] When the selected settings group, or mode, is cho-
sen from the selection window 430, the imaging device 230
may be used to collect imaging data at the target area (step
606). This imaging data may be processed and recorded in
memory 206 and/or viewed immediately, i.e. viewed live. If
processed and recorded, it may be available through the
library 502 of the system interface 500 of FIG. 5 as part of the
method 600. In general, any of the features described above in
connection with the system interfaces 400 and 500 may be
employed in various embodinments of the method 600.
[0058] Additionally, some embodiments of the system
interfaces 400 and 500, which may be part of the imaging
systems 100 and 200, include tangible, non-transient, com-
puter-readable media that include executable code that when
run by a processor, such one or more processors of the con-
trollers 118 and 120 or the processing system 101 of FIG. 1 or
the CPU 204 of F1G. 2, may cause the processor(s) to perform
the steps of method 600 as described above. Some common
forms of computer-readable media that may include the steps
of methods 600 are, for example, floppy disk, flexible disk,
hard disk, magnetic tape, any other magnetic medium, CD-
ROM., any other optical medium, RAM, ROM, any other
memory chip or cartridge, and/or any other medium from
which a processor or computer is adapted to read. The com-
puter-readable media may be memory 206 of FIG. 2, which
may include instructions that provide the system interfaces
400 and/or 500 when executed by a processor.
[0059] The systems 100 and 200, incorporating the system
interfaces 400 and/or 500, performing the method 600 may
provide a beneficial degree of optimization to a user, permit-
ting the user to easily select the optimal settings for a desired
target. The settings require many parameters to be set
throughout the imaging pipeline, including some that may
otherwise not be presented to the user. Observation of a target
area using such systems and methods may be simpler,
quicker, and provide more detail of the desired aspects of the
area.
[0060] The examples provided above are exemplary only
and are not intended to be limiting. One skilled in the art may
readily devise other systems consistent with the disclosed
embodiments which are intended to be within the scope of
this disclosure. As such, the application is limited only by the
following claims.
What is claimed is:
1. A method for optimally viewing medical images, the
method comprising:
positioning a medical imaging device into vasculature of a
patient at an area of interest, the medical imaging device
in communication with a medical imaging system;
selecting a desired settings group from a plurality of set-
tings groups in a medical imaging system interface that
provides control over the medical imaging device, the
desired settings group including parameters affecting
acquisition over an acquisition pipeline of the medical
imaging system; and
collecting imaging data at the area of interest using the
medical imaging device.
2. The method of claim 1, further comprising displaying
the imaging data on a display of the medical imaging system.
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3. The method of claim 1, wherein the acquisition pipeline
of the medical imaging system comprises:

an imaging device interface coupled to an imaging com-

ponent;

an acquisition card coupled to receive information from the

imaging device interface: and

amedical imaging system interface running on a console of

the medical imaging system.

4. The method of claim 3, wherein the acquisition pipeline
further comprises the imaging component.

5. The method of claim 1, wherein each setting group
includes parameters affecting acquisition over the acquisition
pipeline, the parameters including at least one gain parameter,
atleast one time gain compensation (TGC) parameter, at least
one contrast parameter, and at least one filter parameter.

6. The method of claim 5, wherein the parameters include
an imaging component gain parameter, an imaging device
interface gain parameter, an acquisition card gain parameter,
and a system interface gain parameter.

7. The method of claim 1, wherein the parameters of each
settings group include pre-acquisition parameters and post-
acquisition parameters.

8. The method of claim 1, further comprising:

recording the collected imaging data into at least one

recorded image file stored in a memory;

selecting an alternative desired settings group from the

plurality of settings groups;
applying post-acquisition settings of the alternative desired
settings group to the recorded image file; and

displaying the recorded image file in a medical imaging
system interface based on the applied post-acquisition
settings.
9. The method of claim 1, further comprising overriding at
least one of the parameters of the desired settings group.
10. The method of claim 1, wherein the plurality of settings
groups includes at least a stent settings group, wherein the
parameters of the stent settings group are optimized for view-
ing stents, and a plaque settings group, wherein the param-
eters of the plaque settings group are optimized for viewing
intravascular plaque.
11. The method of claim 1, wherein the medical imaging
system is an intravascular ultrasound imaging system.
12. A medical imaging system for imaging vasculature ofa
patient, the system comprising:
aconsole, the console having one or more processors with
a medical imaging system interface running thereon;

an acquisition card in communication with the one or more
processors and in communication with a patient intet-
face module (PIM); and

an intravascular imaging component in communication

with the PIM and disposed on a distal end of a flexible
elongate member;

wherein the medical imaging system interface provides a

plurality of settings groups for selection by a user, each
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of the settings groups having pre-acquisition parameters
and post-acquisition parameters that are optimal for
imaging a desired viewing target within the vasculature.

13. The medical imaging system of claim 12, wherein the
medical imaging system interface receives input through a
bedside controller, a touch screen, and/or a keyboard and a
mouse.

14. The medical imaging system of claim 13, wherein one
ofthe plurality of settings groups is selected by a user through
the medical imaging system interface.

15. The medical imaging system of claim 12, wherein the
intravascular imaging component is an intravascular ultra-
sound IVUS component.

16. The medical imaging system of claim 12, wherein the
intravascular imaging component is an optical coherence
tomography (OCT) component.

17. The medical imaging system of claim 12, wherein the
pre-acquisition parameters comprise at least a PIM gain and
an acquisition card gain and the post-acquisition comprise
include a software gain.

18. The medical imaging system claim of 12, wherein the
settings groups comprise at least a stent settings group for
viewing a stent and a soft tissue settings group for viewing
soft tissue.

19. The medical imaging system of claim 12, wherein the
pre-acquisition and the post-acquisition parameters comprise
gain parameters, time gain compensation parameters, con-
trast parameters, and filters.

20. The medical imaging system of claim 12, further com-
prising a database for storing imaging data collected from the
intravascular imaging component, and wherein the medical
imaging system interface provide.

21. The medical imaging system of claim 20, wherein
application of one of the settings groups to recorded imaging
data comprises applying the post-acquisition parameters of
the selectable settings group.

22. The medical imaging system of claim 12, wherein the
pre-acquisition parameters and/or the post-acquisition
parameters of a selected selectable settings group are modi-
fied by input received from a user through the medical imag-
ing system interface.

23. The medical imaging system of claim 12, wherein
application of a selected settings group comprises communi-
cating at least one parameter to the acquisition card and at
least one parameter to the PIM.

24. The medical imaging system of claim 23, wherein
application of the selected settings group further comprises
communicating at least one parameter to the intravascular
imaging component.

25. The medical imaging system of claim 12, wherein the
settings groups in the plurality of settings groups provided by
the medical imaging system interface to the user depend on a
type of the medical imaging component.
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