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INTRAVASCULAR DATA VISUALIZATION METHOD

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority under 35 U.S.C. 119(e) from United

States Provisional Application No. 62/196,997 filed on July 25, 2015, the disclosure of which

is herein incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0001] The disclosure relates generally to intravascular measurements and feature detection

and related diagnostic methods and devices.

BACKGROUND

[0002] Coronary artery disease is one of the leading causes of death worldwide. The ability

to better diagnose, monitor, and treat coronary artery diseases can be of life saving

importance. Intravascular optical coherence tomography (OCT) is a catheter-based imaging

modality that uses light to peer into coronary artery walls and generate images thereof for

study. Utilizing coherent light, interferometry, and micro-optics, OCT can provide video-rate

in-vivo tomography within a diseased vessel with micrometer level resolution. Viewing

subsurface structures with high resolution using fiber-optic probes makes OCT especially

useful for minimally invasive imaging of internal tissues and organs. This level of detail

made possible with OCT allows a clinician to diagnose as well as monitor the progression of

coronary artery disease. OCT images provide high-resolution visualization of coronary artery

morphology and can be used alone or in combination with other information such as

angiography data and other sources of subject data to aid in diagnosis and planning such as

stent delivery planning

[0003] OCT imaging of portions of a patient's body provides a useful diagnostic tool for

doctors and others. For example, imaging of coronary arteries by intravascular OCT may

reveal the location of a narrowing or stenosis. This information helps cardiologists to choose

between an invasive coronary bypass surgery and a less invasive catheter-based procedure

such as angioplasty or stent delivery. Although a popular option, stent delivery has its own

associated risks.



[0004] A stent is a tube-like structure that often is formed from a mesh. It can be inserted

into a vessel and expanded to counteract a stenotic condition that constricts blood flow.

Stents typically are made of a metal or a polymer scaffold. They can be deployed to the site

of a stenosis via a catheter. During a cardiovascular procedure, a stent can be delivered to the

stenotic site through a catheter via a guide wire, and expanded using a balloon. Typically, the

stent is expanded using a preset pressure to enlarge the lumen of a stenosed vessel.

Angiography systems, intravascular ultrasound systems, OCT systems, in combinations or

alone can be used to facilitate stent delivery planning and stent deployment.

[0005] There are several factors that influence the patient outcome when deploying stents.

In some procedures, the stent should be expanded to a diameter that corresponds to the

diameter of adjacent healthy vessel segments. Stent overexpansion may cause extensive

damage to the vessel, making it prone to dissection, disarticulation, and intra-mural

hemorrhage. Stent under expansion may inadequately expand the vessel. If the portions of

the stent fail to contact the vessel wall, the risk of thrombosis may increase. An underinflated

or malapposed stent may fail to restore normal flow. Once a stent is installed, stent

malapposition and under expansion of the stent can result in various problems. In addition,

flow-limiting stenoses are often present near vascular side branches.

[0006] Side branches can be partially or completely occluded or "jailed" by stent struts. For

example, this can occur when a stent is deployed in a main vessel to address a stenosis or

other malady. Side branches are vital for carrying blood to downstream tissues. Thus, jailing

can have an undesired ischemic impact. The ischemic effects of jailing are compounded

when multiple side branches are impacted or when the occluded surface area of a single

branch is significant.

[0007] There are other challenges associated with stent placements and related procedures.

Visualizing a stent deployment relative to the wall of a blood vessel using an angiography

system is challenging to undertake by inspection.

[0008] The present disclosure addresses these challenges and others.

SUMMARY

[0009] In part, the disclosure relates systems and methods for visualizing intravascular data

such as detected side branches and detected stent struts. The data can be obtained using an



intravascular data collection probe. The probe can be pulled back through a blood vessel and

data can be collected with respect thereto. In one embodiment, the probe is an optical probe

such as an optical coherence tomography (OCT) probe. In one embodiment, the probe is an

intravascular ultrasound probe (IVUS) such as an optical coherence tomography probe.

Stents can be visualized relative to side branches in various embodiments of the disclosure.

This is an important feature as it is typically the case that during stent deployment it is

desirable to avoid stenting a side branch. The systems and methods described herein

facilitate visualization of stents in side branches using various user interface and

representations of stent struts and side branches based upon the detection of these features in

the intravascular data collected.

[0010] In part, the disclosure relates to intravascular data collection systems and the

software-based visualization and display of intravascular data relating to detected side

branches and detected stent struts. Levels of stent malapposition can be defined using a user

interface such as a slider, toggle, button, field, or other interface to specify how indicia are

displayed relative to detected stent struts. In addition, the disclosure relates to methods to

automatically provide a two or three-dimensional visualization suitable for assessing side

branch and/or guide wire location during stenting. The method can use one or more a

computed side branch location, a branch takeoff angle, one or more stent strut locations, and

one or more lumen contours.

[0011] In part, the disclosure relates systems and methods for stent planning or otherwise to

generate and display diagnostic information of interest. The disclosure also relates to the

generation of various indicators and the integration of them relative to displays of image data.

As an example, a longitudinal indicator such as an apposition bar can be used alone or in

conjunction with a stent strut indicator and overlaid on angiography frames co-registered with

an intravascular data set such as a set of OCT scan lines or images generated with respect

thereto for diagnostic processes such as stent planning.

[0012] In part, the disclosure relates to systems and methods for displaying the results of

data analysis applied to an intravascular data set to the user of an intravascular data collection

system and on angiography system in one embodiment. In part, this disclosure describes a

graphic user interface (GUI) that provides user interface and graphic data representations that

can be applied to one or more generated images of a vessel or angiography images such that



regions of interest such as areas of stent apposition and others are easy to find and understand

on OCT and angiography images.

[0013] In part, the disclosure relates to a data collection system such as an intravascular

data collection system suitable for use in cath lab such as an optical coherence tomography

system. In part, the disclosure relates to a data collection system that includes a processor

suitable for displaying intravascular image data. The image data displayed includes data or

images generated based upon depth measurements. In one embodiment, the image data is

generated using optical coherence tomography. The system can also display a user interface

for display of intravascular information such as data relating to stent malapposition in a

longitudinal mode on a per stent strut basis or as a bar having regions corresponding to stent,

no stent, or stent apposition levels of potential interest for one or more stents in a vessel. One

or more indicators such as longitudinal indicators, as a non-limiting example, can be

generated in response to stent detection processing and lumen boundary detection and

displayed relative to angiography, OCT, and IVUS images. These can be viewed by a user to

plan stent delivery and to inflate or adjust a stent delivery by reviewing a co-registered OCT

image and an angiography image with the relevant indicators of interest.

[0014] The present disclosure relates, in part, to computer-based visualization of stent

position within a blood vessel and one or more viewing angles or orientations relating to one

or both of a guidewire and a side branch. A stent can be visualized using OCT data and

subsequently displayed as stent struts or portions of a stent as a part of a one or more graphic

user interface(s) (GUI). A side branch and a guidewire can likewise be detected and

displayed. In one embodiment, the disclosure provides software-based methods that can

include computer algorithms that visualize detected intravascular features and display them in

an optimized or optimal manner suitable to enhance their diagnostic value to an end user. The

GUI can include one or more views of a blood vessel generated using OCT distance

measurements and oriented in a position relative to a side branch or a guide wire to increase

the diagnostic value or ease of use for an end user.

[0015] In part, the disclosure relates to a method of visualizing intravascular information

obtained using an intravascular data collection probe. The method includes receiving

intravascular data for a blood vessel, the data comprising a plurality of image frames; storing

the intravascular data in a memory device of an intravascular data collection system;

detecting one or more side branches on a per image frame basis; detecting a lumen on a per



image frame basis; determining a first viewing angle for at least one of the side branch or

lumen; and displaying a three-dimensional visualization for at least one of the side branch or

lumen. In one embodiment, the lumen is a lumen boundary. In one embodiment, a lumen

contour and a lumen boundary are interchangeable.

[0016] In one embodiment, the method further includes displaying a three-dimensional fly

through relative to at least one of the side branch or lumen. In one embodiment, the

intravascular data is optical coherence tomography data. In one embodiment, each image

frame includes a set of scan lines. In one embodiment, the method further includes detecting

a plurality of stent struts. In one embodiment, the method further includes detecting one or

more guide wires.

[0017] In one embodiment, the method further includes determining a second viewing

angle for the plurality of stents struts. In one embodiment, the method further includes

determining a third viewing angle for the one or more guidewire. In one embodiment, the

three-dimensional visualization is oriented at the first viewing angle. In one embodiment, the

three-dimensional fly through is user controllable in one or more directions using an input

device.

[0018] In one embodiment, the method further includes determining side branch arc of

lumen contour; estimating side branch orientation by fitting a cylinder constrained by side

branch arc; and selecting orientation of fitted cylinder. In one embodiment, the method

further includes determining a mid-frame of image frames of intravascular data, determine

mid-arc position on the mid frame; and set initial camera position for three-dimensional view

to orient towards intravascular imaging probe for the mid frame.

[0019] In part, the disclosure relates to processor-based system for controlling stent

apposition thresholds based on user inputs. The system includes one or more memory

devices; and a computing device in communication with the one or more memory devices,

wherein the one or more memory devices comprise instructions executable by the computing

device to cause the computing device to: display a user interface comprising a stent strut

apposition threshold control, the control comprising a user selectable input; store a user input

stent strut apposition threshold in the one or more memory devices; detect one or more stents

in an intravascular data set, the intravascular data set collected using an intravascular probe;

display the one or more stents and one or more indicia associated with the one or more stents,

wherein the indicia indicates a level of stent strut apposition, the level stent strut apposition



determined using the user selectable input. In one embodiment, the stent strut apposition

threshold control is a slider.

[0020] In one embodiment, the user selectable input is one or more values of the slider. In

one embodiment, the indicia is one or more colors. In one embodiment, the slider is

configured to define three apposition thresholds. In one embodiment, the stent strut

apposition threshold control measures stent strut apposition relative to a front face of a stent

strut. In one embodiment, the stent strut stent apposition threshold control is selected from

the group consisting of a form fillable field; a button; a toggle control; a dial, and a numerical

selection input.

BRIEF DESCRIPTION OF DRAWINGS

[0021] The patent or application file contains at least one drawing executed in color.

Copies of this patent or patent application publication with color drawing(s) will be provided

by the Office upon request and payment of the necessary fee.

The figures are not necessarily to scale, emphasis instead generally being placed upon

illustrative principles. The figures are to be considered illustrative in all aspects and are not

intended to limit the disclosure, the scope of which is defined only by the claims.

[0022] FIG. 1 shows a schematic diagram of an intravascular imaging and data collection

system in accordance with an illustrative embodiment of the disclosure.

[0023]FIG. 2 is a flow chart illustrating a framework for visualization of a stent in a vessel

side branch according to an illustrative embodiment of the disclosure.

[0024]FIG. 3A is a schematic diagram illustrating virtual camera positioning for visualizing

vessel side branches according to an illustrative embodiment of the disclosure.

[0025] FIG. 3B is a schematic diagram illustrating a virtual camera position for visualizing a

vessel side branch according to an illustrative embodiment of the disclosure.

[0026]FIG. 3C is a schematic diagram illustrating a virtual camera position for orthogonal

viewing of a side branch ostium according to an illustrative embodiment of the disclosure.

[0027] FIG. 3D is a three-dimensional rendering of stent struts jailing a vessel side branch

ostium according to an illustrative embodiment of the disclosure.



[0028] FIG. 4A is a side view of a three-dimensional rendering of a main vessel having a side

branch, with a stent and multiple guidewires deployed in the main vessel according to an

illustrative embodiment of the disclosure.

[0029] FIG. 4B is a fly-through three-dimensional rendering of a side branch lumen, with the

virtual camera angle oriented along the longitudinal axis of the side branch as shown in FIG.

3A according to an illustrative embodiment of the disclosure.

[0030]FIG. 4C is a fly-through three-dimensional rendering of a main vessel lumen, with the

virtual camera angle oriented along the longitudinal axis of the main vessel as shown in FIG.

3A according to an illustrative embodiment of the disclosure.

[0031] FIG. 5A is a schematic diagram showing virtual camera positioning using a mid-

frame/mid-arc model according to an illustrative embodiment of the disclosure.

[0032] FIG. 5B is a schematic diagram showing virtual camera positioning using a cylinder

model.

[0033] FIG. 6 is a schematic diagram illustrating side branch size estimations according to an

illustrative embodiment of the disclosure.

[0034] FIG. 7 is a schematic diagram displaying side branch location and color coding the

degree of side branch occlusion according to an illustrative embodiment of the disclosure.

[0035] FIG. 8 is a user display showing perspective view of a three-dimensional rendering of

a blood vessel according to an illustrative embodiment of the disclosure.

[0036] FIG. 9A is a side view of a three-dimensional rendering of a blood vessel according to

an illustrative embodiment of the disclosure.

[0037] FIG. 9B is a cross-sectional B-mode OCT intravascular image according to an

illustrative embodiment of the disclosure.

[0038] FIG. 9C is a longitudinal L-mode OCT intravascular image according to an

illustrative embodiment of the disclosure.

[0039] FIG. 1OA is a side view of a three-dimensional rendering of a blood vessel showing

jailed side branches according to an illustrative embodiment of the disclosure.



[0040] FIG. 10B is a cross-sectional B-mode OCT intravascular image according to an

illustrative embodiment of the disclosure.

[0041] FIG. IOC is a longitudinal L-mode OCT intravascular image according to an

illustrative embodiment of the disclosure.

[0042] FIG. 11A is a fly-through three-dimensional rendering of a blood vessel according to

an illustrative embodiment of the disclosure.

[0043] FIG. 1IB is a cross-sectional B-mode OCT intravascular image according to an

illustrative embodiment of the disclosure.

[0044] FIG. llC is a longitudinal L-mode OCT intravascular image according to an

illustrative embodiment of the disclosure.

[0045] FIG. 12A is a fly-through three-dimensional rendering of a blood vessel showing a

jailed side branch according to an illustrative embodiment of the disclosure.

[0046] FIG. 12B is a cross-sectional B-mode OCT intravascular image according to an

illustrative embodiment of the disclosure.

[0047] FIG. 12C is a longitudinal L-mode OCT intravascular image according to an

illustrative embodiment of the disclosure.

[0048] FIG. 13A is a side view of a three-dimensional rendering of a blood vessel showing a

liberated side branch according to an illustrative embodiment of the disclosure.

[0049] FIG. 13B is a cross-sectional B-mode OCT intravascular image according to an

illustrative embodiment of the disclosure.

[0050] FIG. 13C is a longitudinal L-mode OCT intravascular image according to an

illustrative embodiment of the disclosure.

[0051] FIG. 13D is a zoomed view of FIG. 13A, showing the ostium and a cleaved stent strut

according to an illustrative embodiment of the disclosure.



[0052] FIGS. 14A, 14B, 14C, 14D show graphic user interface displays of an intravascular

data collection system exemplifying a three dimensional skin and wire frame view of a

deployed stent according to an illustrative embodiment of the disclosure.

[0053] FIG. 14E shows a three dimensional fly-through display of a wire frame view of a

deployed stent according to an illustrative embodiment of the disclosure.

[0054] FIGS. 15A, 15B, 15C are user interfaces that include a user input device suitable for

adjusting apposition thresholds that in turn control the threshold an intravascular data

collection system uses when determining when to display apposition and the indicator /

indicia (color, symbol, etc) to use according to an illustrative embodiment of the disclosure.

DETAILED DESCRIPTION

[0055] In part, the disclosure relates systems and methods for visualizing intravascular data

such as detected side branches and detected stent struts. The data can be obtained using an

intravascular data collection probe. The probe can be pulled back through a blood vessel and

data can be collected with respect thereto. Such pullbacks and the associated data collection

are used to plan stent deployment or evaluate deployed stents. The resulting intravascular

data from a pullback can be used in various ways such as to visualize various blood vessel

regions, features, and stents deployed in relation thereto.

[0056] Stents can be visualized relative to side branches in various embodiments of the

disclosure. This is an important feature as it is typically the case that during stent deployment

it is desirable to avoid stenting a side branch. The systems and methods described herein

facilitate visualization of stents in side branches using various user interface and

representations of stent struts and side branches based upon the detection of these features in

the intravascular data collected.

[0057] In part, the disclosure relates to intravascular data collection systems, such as OCT,

IVUS, and other imaging modalities and the generation and visualization of diagnostic

information such as stent malapposition or other indicators. The disclosure also relates to

various user interface features that allow a user to specify parameters and thresholds of

interest such as the thresholds or parameters used to evaluate when a stent is malapposed

and/or the degree of apposition. The parameters can be used to adjust or modify how and

when indicators such as graphical elements suitable for indicating diagnostic information of



interest such as apposition levels and stent position relative to regions in the blood vessel. In

one embodiment, the regions can include detected side branches. Stent strut indicators can

also be used.

[0058] Suitable diagnostic information can include stent apposition information such as the

relative to a vessel wall or lumen boundary and other intravascular diagnostic information or

other information generated to facilitate stent delivery planning. The system includes a

processor in communication with the graphical user interface and configured to send

commands to the graphical user interface. One or more software programs are used to

perform one or more of the following: display indicators such as color-coded stent struts or

symbols or other indicia displayed at the location of detected stent struts, stent position and

orientation relative to a side branch and stent apposition levels based upon a user specified

criteria for when apposition of a stent should be displayed.

[0059] Also disclosed herein are systems and methods for visualizing stents and other

medical devices relative to side branches to avoid the jailing thereof vessels. One or more

software modules can be used to detect side branch locations, lumen contours, and stent strut

positions. One or more viewing angles or orientations can be generated to help a user

visualize when side branch jailing may occur.

[0060] It may be necessary to open a group of cells in a deployed stent using a balloon in

order to improve blood flow in the jailed side branch. The balloon guidewire typically is

crossed into the jailed side branch ostium in as distal (e.g., downstream) a position as

possible. Obtaining a distal guidewire position will lead to the stent struts being pushed to the

proximal (e.g., upstream) side of the side branch ostium, which minimizes flow disruptions at

the higher-flow distal side of the ostium. Clear, rapid visualization of guidewire position in

relation to the stent and side branch is therefore clinically advantageous.

[0061] FIG. 1 includes a system suitable for performing various steps of the disclosure such

as displaying detected stent struts, side branches, and guidewires and associated indicia and

orientation angles relating thereto. Various user interface features are described herein to

view and assess a visual representation of intravascular information. These user interfaces

can include one or more moveable elements that can be controlled by a user with a mouse,

joystick, or other control and can be operated using one or more processors and memory

storage elements. For example, the sliders of FIGS. 15A-15C can be so controlled.



[0062] During a stent delivery planning procedure, the levels and location of apposition the

user can refer to OCT and annotated angiography to further expand or move a stent as part of

delivery planning. These system features and methods can be implemented using system 5

shown in FIG. 1.

[0063] FIG. 1 shows a system 5 which includes various data collection subsystems suitable

for collecting data or detecting a feature of or sensing a condition of or otherwise diagnosing

a subject 10. In one embodiment, the subject is disposed upon a suitable support 12 such as

table bed to chair or other suitable support. Typically, the subject 10 is the human or another

animal having a particular region of interest 25.

[0064] The data collection system 5 includes a noninvasive imaging system such as a

nuclear magnetic resonance, x-ray, computer aided tomography, or other suitable noninvasive

imaging technology. As shown as a non-limiting example of such a noninvasive imaging

system, an angiography system 20 such as suitable for generating cines is shown. The

angiography system 20 can include a fluoroscopy system. Angiography system 20 is

configured to noninvasively image the subject 10 such that frames of angiography data,

typically in the form of frames of image data, are generated while a pullback procedure is

performed using a probe 30 such that a blood vessel in region 25 of subject 10 is imaged

using angiography in one or more imaging technologies such as OCT or IVUS, for example.

[0065] The angiography system 20 is in communication with an angiography data storage

and image management system 22, which can be implemented as a workstation or server in

one embodiment. In one embodiment, the data processing relating to the collected

angiography signal is performed directly on the detector of the angiography system 20. The

images from system 20 are stored and managed by the angiography data storage and image

management 22.

[0066] In one embodiment system server 50 or workstation 85 handle the functions of

system 22. In one embodiment, the entire system 20 generates electromagnetic radiation,

such as x-rays. The system 20 also receives such radiation after passing through the subject

10. In turn, the data processing system 22 uses the signals from the angiography system 20 to

image one or more regions of the subject 10 including region 25.



[0067] As shown in this particular example, the region of interest 25 is a subset of the

vascular or peripherally vascular system such as a particular blood vessel. This can be imaged

using OCT. A catheter-based data collection probe 30 is introduced into the subject 10 and is

disposed in the lumen of the particular blood vessel, such as for example, a coronary artery.

The probe 30 can be a variety of types of data collection probes such as for example an OCT

probe, an FFR probe, an IVUS probe, a probe combining features of two or more of the

foregoing, and other probes suitable for imaging within a blood vessel. The probe 30

typically includes a probe tip, one or more radiopaque markers, an optical fiber, and a torque

wire. Additionally, the probe tip includes one or more data collecting subsystems such as an

optical beam director, an acoustic beam director, a pressure detector sensor, other transducers

or detectors, and combinations of the foregoing.

[0068] For a probe that includes an optical beam director, the optical fiber 33 is in optical

communication with the probe with the beam director. The torque wire defines a bore in

which an optical fiber is disposed. In FIG. 1, the optical fiber 33 is shown without a torque

wire surrounding it. In addition, the probe 30 also includes the sheath such as a polymer

sheath (not shown) which forms part of a catheter. The optical fiber 33, which in the context

of an OCT system is a portion of the sample arm of an interferometer, is optically coupled to

a patient interface unit (PIU) 35 as shown.

[0069] The patient interface unit 35 includes a probe connector suitable to receive an end of

the probe 30 and be optically coupled thereto. Typically, the data collection probes 30 are

disposable. The PIU 35 includes suitable joints and elements based on the type of data

collection probe being used. For example a combination OCT and IVUS data collection

probe requires an OCT and IVUS PIU. The PIU 35 typically also includes a motor suitable

for pulling back the torque wire, sheath, and optical fiber 33 disposed therein as part of the

pullback procedure. In addition to being pulled back, the probe tip is also typically rotated by

the PIU 35. In this way, a blood vessel of the subject 10 can be imaged longitudinally or via

cross-sections. The probe 30 can also be used to measure a particular parameter such as a

fractional flow reserve (FFR) or other pressure measurement.

[0070] In turn, the PIU 35 is connected to one or more intravascular data collection systems

40. The intravascular data collection system 40 can be an OCT system, an IVUS system,

another imaging system, and combinations of the foregoing. For example, the system 40 in

the context of probe 30 being an OCT probe can include the sample arm of an interferometer,



the reference arm of an interferometer, photodiodes, a control system, and patient interface

unit. Similarly, as another example, in the context of an IVUS system, the intravascular data

collection system 40 can include ultrasound signal generating and processing circuitry, noise

filters, rotatable joint, motors, and interface units. In one embodiment, the data collection

system 40 and the angiography system 20 have a shared clock or other timing signals

configured to synchronize angiography video frame time stamps and OCT image frame time

stamps.

[0071] In addition to the invasive and noninvasive image data collection systems and

devices of FIG. 1, various other types of data can be collected with regard to region 25 of the

subject and other parameters of interest of the subject. For example, the data collection probe

30 can include one or more pressure sensors such as for example a pressure wire. A pressure

wire can be used without the additions of OCT or ultrasound components. Pressure readings

can be obtained along the segments of a blood vessel in region 25 of the subject 10.

[0072] Such readings can be relayed either by a wired connection or via a wireless

connection. As shown in a fractional flow reserve FFR data collection system, a wireless

transceiver 47 is configured to receive pressure readings from the probe 30 and transmit them

to a system to generate FFR measurements or more locations along the measured blood

vessel. One or more displays 82, 83 can also be used to show an angiography frame of data,

an OCT frame, user interfaces for OCT and angiography data and other controls and features

of interest.

[0073] The intravascular image data such as the frames of intravascular data generated

using the data collection probe 30 can be routed to the data collection processing system 40

coupled to the probe via PIU 35. The noninvasive image data generated using angiography

system 22 can be transmitted to, stored in, and processed by one or more servers or

workstations such as the co-registration server 50 workstation 85. A video frame grabber

device 55 such as a computer board configured to capture the angiography image data from

system 22 can be used in various embodiments.

[0074] In one embodiment, the server 50 includes one or more co-registration software

modules 67 that are stored in memory 70 and are executed by processor 80. The server 50 can

include other typical components for a processor-based computing server. Alternatively,

more databases such as database 90 can be configured to receive image data generated,

parameters of the subject, and other information generated, received by or transferred to the



database 90 by one or more of the systems devices or components shown in FIG. 1.

Although database 90 is shown connected to server 50 while being stored in memory at

workstation 85, this is but one exemplary configuration. For example, the software modules

67 can be running on a processor at workstation 85 and the database 90 can be located in the

memory of server 50. The device or system use to run various software modules are provided

as examples. In various combinations the hardware and software described herein can be used

to obtain frames of image data, process such image data, and register such image data.

[0075] As otherwise noted herein, the software modules 67 can include software such as

preprocessing software, transforms, matrices, and other software-based components that are

used to process image data or respond to patient triggers to facilitate co-registration of

different types of image data by other software-based components 67 or to otherwise perform

such co-registration. The modules can include lumen detection using a scan line based or

image based approach, stent detection using a scan line based or image based approach,

indicator generation, apposition bar generation for stent planning, guidewire shadow indicator

to prevent confusion with dissention, side branches and missing data, and others.

[0076] The database 90 can be configured to receive and store angiography image data 92

such as image data generated by angiography system 20 and obtained by the frame grabber

55 server 50. The database 90 can be configured to receive and store OCT image data 95

such as image data generated by OCT system 40 and obtained by the frame grabber 55 server

50.

[0077] In addition, the subject 10 can be electrically coupled via one or more electrodes to

one more monitors such as, for example, monitor 49. Monitor 49 can include without

limitation an electrocardiogram monitor configured to generate data relating to cardiac

function and showing various states of the subject such as systole and diastole. Knowing the

cardiac phase can be used to assist the tracking of vessel centerlines, as the geometry of the

heart, including the coronary arteries, is approximately the same at a certain cardiac phase,

even over different cardiac cycles.

[0078] Hence, if the angiography data spans a few cardiac cycles, a first-order matching of

vessel centerline at the same cardiac phase may assist in tracking the centerlines throughout

the pullback. In addition, as most of the motion of the heart occurs during the systole, vessel

motion is expected to be higher around the systole, and damp towards the diastole. This



provides data to one or more software modules as an indication of the amount of motion

expected between consecutive angiography frames. Knowledge of the expected motion can

be used by one or more software modules to improve the tracking quality and vessel

centerline quality by allowing adaptive constraints based on the expected motion.

[0079] The use of arrow heads showing directionality in a given figure or the lack thereof

are not intended to limit or require a direction in which information can flow. For a given

connector, such as the arrows and lines shown connecting the elements shown in FIG. 1, for

example, information can flow in one or more directions or in only one direction as suitable

for a given embodiment. The connections can include various suitable data transmitting

connections such as optical, wire, power, wireless, or electrical connections.

[0080] One or more software modules can be used to process frames of angiography data

received from an angiography system such as system 22 shown in FIG. 1. Various software

modules that can include without limitation software, a component thereof, or one or more

steps of a software-based or processor executed method can be used in a given embodiment

of the disclosure.

Intravascular Data Visualization

[0081] In one aspect, a computer- implemented method is provided to create an optimal three-

dimensional visualization for assessing an intravascular treatment site. In various

embodiments, the method includes automatically determining an optimal camera location and

view perspective based on side branch morphology, to facilitate visualization of the treatment

site. The method can include detection of medical devices (e.g. stents) and related

deployment devices (e.g., guidewires). This feature is particularly useful for bifurcation

stenting, to identify jailed side branches and to assist clinicians in modifying stent cells to

alleviate obstructions. The various methods described herein relating to side branch, guide

wire and other forms of intravascular data visualization can be implemented using a software

module 67 of an intravascular data collection system performing one or more of the steps

described herein.

[0082] Referring to FIG. 2, in one embodiment the computer-implemented method 100

includes one or more of the following data collection steps: side branch detection 102, lumen

contour detection 104, stent strut detection 106, and guidewire detection 108. Side branch



detection and lumen detection can include the sub-step of determining the optimal viewing

angle 110 based on the angle at which the side branch joins the main vessel. As described in

more detail herein, these inputs are used to create a three-dimensional visualization of the

treatment site, such as a fly-through display. Different view angles include, by way of non-

limiting example, side view, perspective view, top view, side branch fly-through, main vessel

fly-through, and orthogonal ostium views.

[0083] Referring to FIG. 3A, in one embodiment a virtual camera 150 is generated for one or

more side branches 152 in a main vessel 154. Virtual cameras are placed at appropriate

viewing angles for visualizing, in three-dimensions, a side branch looking in the direction of

the main vessel. Referring to FIG. 3B, in one mode of operation, the camera orientation 156

is selected to be parallel to the longitudinal axis of the side branch. Referring to FIG. 3C, in

another mode, the camera orientation 156 is selected to be orthogonal to the surface of the

main vessel 154 and/or orthogonal to the side branch ostium 158. These view angles are

exemplary, and any suitable viewing angle can be used.

[0084] Referring to FIG. 3D, in another embodiment the user can visualize the stent struts

160 that cross the side branch ostium 158. For better viewing of the jailing stent struts, the

side branch can be eliminated from the display so that the user can clearly visualize the

ostium and stent struts crossing the ostium. In FIG. 3D, the virtual camera is orthogonal to

the side branch ostium, looking through the ostium into the lumen of the main vessel where

the stent is deployed.

[0085] FIG. 4A is a side view of a three-dimensional rendering of a main vessel 154 having a

side branch 152. In this embodiment, the main vessel guidewire 164, side branch guidewire

166, and stent struts 160 are visible.

[0086] FIG. 4B is a three-dimensional rendering looking down side branch 152 (e.g., a fly-

through) towards main vessel 154. In this embodiment, the camera 150b is oriented along the

direction of the side branch angle as shown in FIG. 4A. The side branch guidewire 164, main

vessel guidewire 166, and stent struts 160 are visible.

[0087] FIG. 4C is a three-dimensional fly-through down the main vessel 154. In this

embodiment, the camera 150m is oriented along the longitudinal axis of the main branch as



shown in FIG. 4A. The side branch guidewire 164, main vessel guidewire 166, and stent

struts 160 are visible.

[0088] In various embodiments, the method can include the step of automatically identifying

an initial camera position. Referring to FIG. 5A, in one embodiment, side branch orientation

is estimated by finding the mid-frame 170, and the mid-arc position on the mid-frame in

imaging data (e.g., OCT data). The mid-frame 170 is the center of side branch lumen 172 in

a given imaging frame. The mid-arc 174 is the center of the arc defining the side branch

lumen contour 176. In a preferred embodiment, the mid-arc position is used as the initial

camera position 178—i.e., where the virtual camera is placed. The initial camera

orientation—i.e., where the virtual camera is aimed—is then selected automatically. In a

preferred embodiment, the camera is oriented towards the imaging catheter 180 for that mid-

frame, to provide the clinician a view down the side branch lumen 172 towards the main

vessel lumen 182. However, the camera can be oriented in any direction.

[0089] Referring to FIG. 5B, in another embodiment, camera positioning is determined by

fitting a cylinder 184 to the side branch lumen 174. Side branch orientation 186 is then

estimated using the arc of the cylinder 184, which is a proxy for the arc of the side branch

lumen contour. In a preferred embodiment, the camera 178 is positioned along the axis of the

side branch 186. The initial camera orientation is then selected automatically. In a preferred

embodiment, the camera is automatically oriented down the cylinder axis 186 towards the

main vessel lumen 182. However, the camera can be oriented in any direction.

[0090] The disclosure also provides computer-implemented methods for enhanced

visualization of medical devices, such as guidewires and stents, on a user display. This

enhanced visualization aids clinicians in evaluating a treatment site, adjusting deployed

medical devices, and assessing whether further intervention is required. For example, it is

particularly important for the clinician to understand when a guidewire is positioned inside

(i.e., luminal) of a stent or outside (i.e., abluminal) of a stent. As another example, it is often

necessary to open a group of cells in a deployed stent using a balloon in order to improve

blood flow in the jailed side branch. The balloon guidewire typically is crossed into the jailed

side branch ostium in as distal (e.g., downstream) a position as possible. Obtaining a distal

guidewire position will lead to the stent struts being pushed to the proximal (e.g., upstream)

side of the side branch ostium, which minimizes flow disruptions at the higher-flow distal

side of the ostium.



[0091] Stent struts and guidewires can be detected automatically in imaging data and can be

shown on a user display to provide the clinician with a comprehensive visualization of the

treatment site. Stent struts and guidewires can be displayed in a visually distinct manner,

such as by using different colors, to permit rapid interpretation by a clinician. In an

embodiment, a guidewire can be shown in different colors according to its luminal/abluminal

position relative to a stent. For example, an abluminal guidewire can be displayed in red as a

warning and a luminal guidewire can be displayed in yellow. This visualization can help

clarify the point at which a guidewire crosses over into a jailed branch, and can also help to

alert the user to guidewires that have been inadvertently positioned abluminal of a stent

section in the main branch.

In another embodiment, where multiple guidewires are used, the guidewires may each be

shown in different colors, or they guidewires may be categorized by color. For example, a

side branch guidewire may be shown in one color, and a main vessel guidewire may be

shown in another color. In another embodiment, a guidewire can be shown in one color

where it traverses the main vessel lumen and that portion of the same guidewire, which

traverses a side branch, can be shown in a different color. In another embodiment, a

guidewire can be shown in a different color where is crosses an ostium, or where it passes

through a stent cell.

[0092] Similarly, the stent and/or some of all of the stent struts can be shown in different

colors to indicate potential issues such as, for example, struts that jail a side branch. For

example, struts crossing an ostium can be shown in red whereas struts adjacent a vessel wall

can be shown in blue.

[0093] In another embodiment, a side branch ostium can be demarcated by visual indicia,

such as polygon highlighting around the edges of the ostium. The visual indicia can be one

color for an unobstructed ostium, and another color for an obstructed ostium.

[0094] Color-coding also can be applied to stent struts in order to clarify the position of stent

struts relative to the virtual camera. In FIGS. 4A-4C, it can be difficult to appreciate which

stents are located over the branch ostium versus which stents are located against the main

vessel wall. However, referring to FIG. 3B, following automated detection of the individual

struts and the vessel lumen, struts that are less relevant to visualization of wire re-crossing

can be assigned a de-emphasizing color, such as grey or white, or can be removed altogether,



while more relevant struts that jail the side branch can be assigned an emphasizing color,

such as red.

[0095] Colors are only one example of visual indicia that can be used in accordance with the

disclosure. For example, the indicia can be a bar, box, other any other suitable visualizable

display element, symbol or icon. Preferably, the indicia demarcates the quantitatively

conveys the extent of any side branch occlusion by, for example, color coding, shading,

and/or varying opacity of the indicia.

Assessing Side Branch Obstruction

[0096] The invention also provides computer implemented methods for calculating and

visualizing the degree of branch obstruction. Several methods can be used to calculate

branch obstruction due to the presence of pathology (e.g., stenosis) or medical intervention

(e.g., jailing).

[0097] In an embodiment, a reference vessel diameter method is used to assess side branch

obstruction. FIG. 6 shows a main vessel 200 having a stenosis 202. A side branch 204 also

is shown. A reference profile can be created for the main vessel 206 and/or a reference

profile can be created for the side branch 208. Using the reference profile (dotted line) 208,

an estimated branch diameter can be calculated by using distal and proximal reference profile

diameters In one embodiment, the power law is given by the expression:

where is the proximal reference profile diameter and is the distal reference

profile diameter; where ¾ CO is the estimated true branch diameter; and ε is a power-law

scaling exponent that has a value between 2.0 and 3.0 as determined empirically.

[0098] The difference between the estimated branch diameter and the actual branch diameter

detected by OCT imaging provides the level of branch obstruction. In one embodiment, the

level of branch obstruction is given by the expression:



where ¾ ( is the estimated true branch diameter, and is the actual branch diameter

measured by OCT.

[0099] In an embodiment, a max diameter frames method is used to assess side branch

obstruction. Instead of using a reference profile, the branch diameter is estimated using the

maximum diameter in the main vessel segment distal and proximal to the current branch.

[0100] In an embodiment, a flow method is used to assess side branch obstruction. Using

Virtual Flow Reserve (VFR) the flow going into each side branch can be estimated. The

difference in flow down a given side branch due to the difference in OCT based branch

diameter and the true branch diameter F ¾ ¾ s) is an additional indication of the

effect on flow due to the obstructed side branch. The true branch diameter can be calculated

using one of the methods described above by either using the reference vessel profile or the

max diameter frame in the distal and proximal segments. The flow method can be given as

the following expression:

(Eqn

[0101] In various embodiments, side branch flow obstruction is represented on a user display

using visual indicia, such as color-coding. The indicia can be coded to confer the level of

side branch obstruction. These indicia can also be set based upon user input via a user

interface. FIG. 7 is schematic diagram of an exemplary user display. The display shows a

main vessel 200 having a stenosis 202 and three side branches 210, 212, 214. A highly

obstructed side branch 212 is demarcated by different indicia (e.g., red color) than a

moderately obstructed side branch 210 (e.g., orange color) and a low/non-obstructed side

branch 214 (e.g., yellow color).

[0102] FIG. 8 shows a user display depicting a perspective view of a three-dimensional

rendering of a blood vessel 300, in accordance with an embodiment. A guidewire 302, stent

struts 304, and indicia demarcating jailed side branches 306 are visible. The user display

includes a menu 310 for showing/hiding guidewires, a menu 312 for selecting blood vessel

features to display, and a menu 314 for selecting the virtual camera angle of the display. The

user can toggle between multiple view angles on the user display. In addition, the user can

toggle between different side branches on the user display, such as by selecting particular

side branches and/or by selecting a camera associated with a particular side branch.



[0103] FIGS. 9A-9C show a user display integrating a side view of a three-dimensional

rendering (FIG. 9A), a corresponding B-mode OCT image (FIG. 9B), and a corresponding L-

mode OCT image (FIG. 9C). FIG. 9A is a side view of a three-dimensional rendering of a

blood vessel 300. A guidewire 302 and stent struts 304 are visible. FIG. 9B shows a cross

sectional B-mode OCT image. A guidewire shadow 312 and numerous stent strut shadows

314 are clearly visible. FIG. 9C shows a longitudinal L-mode OCT image. The guidewire

shadow 312 and numerous stent strut shadows are clearly visible. Vertical line 316

demarcates the cross-sectional frame shown in FIG. 9B.

[0104] FIGS. lOA-lOC show a user display integrating a side view of a three-dimensional

rendering (FIG. 10A), a corresponding B-mode OCT image (FIG. IB), and a corresponding

L-mode OCT image (FIG. IOC), similar to FIGS 9A-9C. FIG. 10A includes visible indicia

306 demarcating jailed side branches.

[0105] FIGS. 11A-11C show a user display integrating a fly-through rendering (FIG. 11A), a

corresponding B-mode OCT image (FIG. 11B), and a corresponding L-mode OCT image

(FIG. IOC). In FIG. 11A, the guidewire 302 and stent struts 304 are shown in a space-filling

model. A compass 320 indicates proximal and distal directions.

[0106] FIGS. 12A-12C show a similar display as shown in FIGS 12A-12C. FIG. 12A

includes an indicia of a jailed side branch 306, in accordance with an illustrative embodiment.

[0107] FIGS. 13A-13C show a user display integrating a side view of a three-dimensional

rendering (FIG. 13A), a corresponding B-mode OCT image (FIG. 13B), and a corresponding

L-mode OCT image (FIG. 13C), similar to FIGS 9A-9C. FIG. 13A shows a side branch

ostium 322 that was jailed but was deobstructed by cutting the stent strut 324 that had jailed

the side branch. FIG. 13D is a zoomed view of FIG. 13A, showing the ostium 322 and

cleaved strut 324.

Exemplary Intravascular Data Collection Embodiments

[0108] The systems and methods described herein provide diagnostic information to support

imaging needs before and after interventions related to specific clinical applications for

bifurcation, BVS, VFR for other complex conditions such as tandem lesions/diffuse diseases.

The embodiments include features as:



■ 3D options for fly-through, longitudinal and branch view

■ OCT use and stent detection for BVS procedural considerations

■ Ultra-high resolution pull backfor bifurcation cases

■ Independent wire selection on 3D in addition to multiple 3D display options

■ Stent apposition mapping indicator; addition of status barfor 360 degree assessment

■ Apposition indicator ranges for Red/yellow and customization ability to adjust ranges

■ Various user interface design elements

[0109] FIG. 14A shows an interface display exemplifying a three dimensional, skin and wire

frame view of a deployed stent based on OCT imaging data. The upper left panel shows an

elevation view of a blood vessel and, specifically, the endoluminal boundary of a blood

vessel is depicted in three dimensions as a semi-transparent skin. The skin estimates or

approximates the topography of the blood vessel wall and/or the blood vessel lumen along a

region of interest. In a preferred embodiment, the skin closely approximates the contours of

the lumen to enhance user visualization of blood vessel topography, such as side branches,

healthy endothelium, stenonses, lesions, and plaques. The skin can be depicted in any

suitable color and preferably is semi-transparent to permit visualization of stents deployed

within the lumen.

[0110] As with other user interfaces, the double arrows allow a user to rotate the skin view.

As shown in FIG. 14A, in some embodiments, the skin itself has no thickness (i.e., is two-

dimensional) and merely demarcates the endoluminal boundary in three dimensions. In other

embodiments the skin can have nominal or substantial thickness to enhance feature

visualization. The transparency level of the lumen, skin or other layers can be adjusted to

enhance the overlay of features such as stent struts. As shown in FIG. 14B, side branch

detection is enhanced using a three-dimensional interface for supporting bifurcation

procedures as well as an input to VFR calculations.

[0111] With continued reference to FIG. 14A, the upper left panel depicts a deployed stent as

a wire frame graphic behind, or inside, the semi-transparent skin. A side branch ostium is

visible as a hole or opening in the skin. Stent struts are visible through the semi-transparent

skin. Stent struts can be shown in color, or by other visual indicia, to provide further

information about stent deployment and positioning. For example, struts that are properly



deployed are shown in one color (e.g., white) and struts that are malapposed (e.g., are under-

inflated, jail a side branch, etc.) are shown in a different color (e.g., red). The degree or

extent of stent apposition can be conveyed by color gradients, such as white for proper

deployment, yellow for potential apposition, and red for likely stent apposition. Different

colors also can be used to distinguish between different causes of malapposition and the

associated apposition levels or thresholds. These thresholds can be set using a user interface

in one embodiment, such as for example as shown in FIGS. 15A-15C. The software and

controls for which indicia to display can be implemented using one or more software modules

67.

[0112] By way of non-limiting example, stent struts that are properly expanded against the

blood vessel wall are shown in one color (e.g., white), whereas under- inflated struts are

shown in another color (e.g., purple), to alert the user that further intervention may be

required to fully expand the stent at a particular location. Similarly, struts that jail or occlude

a side branch ostium can be shown in another color (e.g., red), and potentially jailing struts

can be shown in a yet another color (e.g., yellow), to alert a user that stent adjustment or

repositioning may be required. As will be appreciated, other visual indicia can be used such

as, for example, patterned lines, hatching, and shading.

[0113] The top right panel of FIG. 14A shows a cross-section of an OCT image. Stent strut

cross-sections are depicted as circles. Stent struts can be shown in color, or by other visible

indicia, to convey information to a user about strut positioning. For example, stent struts that

are properly expanded against the blood vessel wall are shown in one color (e.g., white),

whereas struts that jail the side branch are shown in another color (e.g., red).

[0114] The center panel of FIG. 14A shows a longitudinal or L-mode rendering of the OCT

data. The cross-section frame corresponds to the vertical line within the region of interest.

The bottom panel of FIG. 14A shows an OCT L-mode image of a blood vessel co-registered

with a wire-frame representation of a deployed stent. Again, stent struts that are properly

expanded against the blood vessel wall are shown in one color (e.g., white), whereas struts

that jail the side branch are shown in another color (e.g., red).

[0115] FIG. 14C shows an interface display exemplifying a three dimensional, skin and wire

frame view of a deployed stent based on OCT imaging data. The user display can include the

option to display or hide one or more features, such as the skin, guidewire, and/or stent struts.



In addition the color and transparency of the skin can be altered, to make the skin more

transparent or more opaque.

[0116] FIG. 14D shows a fly-though display exemplifying a three dimensional, skin and

wire-frame view of a deployed stent. Distal (D), or downstream direction and proximal (P),

or upstream directions are shown. The interface display also can include a positional marker

indicating the location of the cross-sectional images within the region of interest. The

interface display can further include a luminal marker that highlights the lumen boundary /

contour to make vessel's topography more apparent.

[0117] FIG. 14E shows a fly-though display exemplifying a three dimensional wire-frame

view of a deployed stent. In this embodiment, the skin is not shown, leaving only the stent

struts and guidewire. In some situations, stent apposition may be clearer when the skin is not

shown. The skin can be toggled on and off as part of the three-dimensional view and three-

dimensional fly through relative to the lumen along the length of blood vessel.

User Interface Features for Apposition Levels

[0118]The process of establishing stent apposition values such as an apposition threshold can

vary from one end user of an intravascular diagnostic system to another. An end user can

adjust the apposition thresholds for the stents using an interface as shown in FIGS. 15A, 15B,

and 15C. In FIG. 15A, the user interface for adjusting stent apposition values is shown

relative to a graphic user interface for an OCT system. This interface can be used for IVUS

and other imaging modalities. The stent strut shown by the dotted back has an arrow that can

extend to one or more surfaces or within the stent strut as a changed able feature. This allows

apposition to be specified relative to a location on or within the strut as of interest to the user.

In FIGS. 15A and 15B, the three levels or thresholds for scoring or identify apposition levels

are between 0 and 200 microns, 200 and 300 microns, and from 300 microns to 600. As

shown in FIG. 15B, the three colored bars shown allow three apposition thresholds to be set.

These thresholds control how and when stent apposition is displayed. The strut apposition

distance is shown by the double-headed arrow in the figure relative to the stent strut and the

lumen contour.

[0119]The lumen contour is the detected or calculated boundary of the lumen of the blood

vessel. Preferably, the stent strut would be close to the lumen contour. To the extent the strut



apposition indicates that the front face of the strut is a known distance from the lumen

contour, the end user can use their knowledge of stent thicknesses to set an apposition

threshold that meets their individual needs. The apposition threshold can be set as in FIG.

15C such that only two levels appear - apposed or not apposed. Two, three or more such

levels can be set. In one embodiment, as shown in FIGS. 15A and 15B the slider bar has

been adjusted to set the apposition (malapposition) thresholds such that three indicators are

used to modify the graphics of the stent struts displayed. The term apposition can include

malapposition as it is used to describe a degree of a stent deviating from its preferred level of

expansion or placement relative to a vessel wall.

[0120] Levels of stent malapposition, such as by an apposition threshold for evaluating

detected stent struts relative to a detected lumen contour, can be defined using a user

interface. The interface can be a slider (shown in FIGS. 15A-15C) or other user interfaces

such as a toggle control, one or more buttons, a field for percentage or distance or entry of

another apposition parameter, or other interfaces to specify how indicia are displayed relative

to detected stent struts and the stent strut apposition level. Any suitable interface for

selecting or inputting an apposition threshold can be used. In one embodiment, the

apposition does not specify stent strut thickness but rather uses the stent strut end face. In

this way, the end user can adjust the threshold based on their expertise and the thickness of

the stent struts in use.

Non-limiting Software Features and Embodiments for Implementing Interface, Detection and
other Features of Disclosure

[0121] The following description is intended to provide an overview of device hardware

and other operating components suitable for performing the methods of the disclosure

described herein. This description is not intended to limit the applicable environments or the

scope of the disclosure. Similarly, the hardware and other operating components may be

suitable as part of the apparatuses described above. The disclosure can be practiced with

other system configurations, including personal computers, multiprocessor systems,

microprocessor-based or programmable electronic device, network PCs, minicomputers,

mainframe computers, and the like. The disclosure can also be practiced in distributed

computing environments where tasks are performed by remote processing devices that are

linked through a communications network such as in different rooms of a catheter or cath lab.



[0122] Some portions of the detailed description are presented in terms of methods such as

algorithms and symbolic representations of operations on data bits within a computer

memory. These algorithmic descriptions and representations can be used by those skilled in

the computer and software related fields. In one embodiment, an algorithm is here, and

generally, conceived to be a self-consistent sequence of operations leading to a desired result.

The operations performed as methods stops or otherwise described herein are those requiring

physical manipulations of physical quantities. Usually, though not necessarily, these

quantities take the form of electrical or magnetic signals capable of being stored, transferred,

combined, transformed, compared, and otherwise manipulated.

[0123] Unless specifically stated otherwise as apparent from the following discussion, it is

appreciated that throughout the description, discussions utilizing terms such as "processing"

or "computing" or "searching" or "indicating" or "detecting" or "measuring" or "calculating"

or "comparing" or "generating" or "sensing" or "determining" or "displaying," or Boolean

logic or other set related operations or the like, refer to the action and processes of a computer

system, or electronic device, that manipulates and transforms data represented as physical

(electronic) quantities within the computer system's or electronic devices' registers and

memories into other data similarly represented as physical quantities within electronic

memories or registers or other such information storage, transmission or display devices.

[0124] The present disclosure, in some embodiments, also relates to apparatus for

performing the operations herein. This apparatus may be specially constructed for the

required purposes, or it may comprise a general purpose computer selectively activated or

reconfigured by a computer program stored in the computer. Various circuits and

components thereof can be used to perform some of the data collection and transformation

and processing described herein.

[0125] The algorithms and displays presented herein are not inherently related to any

particular computer or other apparatus. Various general purpose systems may be used with

programs in accordance with the teachings herein, or it may prove convenient to construct

more specialized apparatus to perform the required method steps. The required structure for

a variety of these systems will appear from the description provided herein. In addition, the

present disclosure is not described with reference to any particular programming language,

and various embodiments may thus be implemented using a variety of programming

languages. In one embodiment, the software instructions are configured for operation on a



microprocessor or ASIC of an intravascular imaging / data collection system.

[0126] Embodiments of the disclosure may be implemented in many different forms,

including, but in no way limited to, computer program logic for use with a processor (e.g., a

microprocessor, microcontroller, digital signal processor, or general purpose computer),

programmable logic for use with a programmable logic device, (e.g., a Field Programmable

Gate Array (FPGA) or other PLD), discrete components, integrated circuitry (e.g., an

Application Specific Integrated Circuit (ASIC)), or any other means including any

combination thereof.

[0127] In a typical embodiment of the present disclosure, some or all of the processing of

the data collected using an OCT probe, an IVUS probe, other imaging probes, an

angiography system, and other imaging and subject monitoring devices and the processor-

based system is implemented as a set of computer program instructions that is converted into

a computer executable form, stored as such in a computer readable medium, and executed by

a microprocessor under the control of an operating system. Thus, user interface instructions

and triggers based upon the completion of a pullback or a co-registration request, for

example, are transformed into processor understandable instructions suitable for generating

OCT data, performing image procession using various and other features and embodiments

described above.

[0128] In addition, user interface commands, a user query, a system response, transmitted

probe data, input data and other data and signal described herein are transformed into

processor understandable instructions suitable for responding to user interface selections,

controlling a graphical user interface, control and graphic signal processing, displaying cross-

sectional information, rendered stents and guidewires and images from other data collection

modalities, generating and displaying stents and indicators and other intravascular data,

displaying OCT, angiography, detecting shadows, detecting peaks, and other data as part of a

graphic user interface and other features and embodiments as described above. Data and

parameters suitable for display as GUI components or controls, values, or as another

representation in a graphical user interface can include without limitation guidewire,

apposition bars, user interface panels, masks, stent struts, missing data representations,

shadows, angiography representations, three and two dimensional renders and views, and

other features as described herein.



[0129] Computer program logic implementing all or part of the functionality previously

described herein may be embodied in various forms, including, but in no way limited to, a

source code form, a computer executable form, and various intermediate forms (e.g., forms

generated by an assembler, compiler, linker, or locator). Source code may include a series of

computer program instructions implemented in any of various programming languages (e.g.,

an object code, an assembly language, or a high-level language such as Fortran, C, C++,

JAVA, or HTML) for use with various operating systems or operating environments. The

source code may define and use various data structures and communication messages. The

source code may be in a computer executable form (e.g., via an interpreter), or the source

code may be converted (e.g., via a translator, assembler, or compiler) into a computer

executable form.

[0130] The computer program may be fixed in any form (e.g., source code form, computer

executable form, or an intermediate form) either permanently or transitorily in a tangible

storage medium, such as a semiconductor memory device (e.g., a RAM, ROM, PROM,

EEPROM, or Flash-Programmable RAM), a magnetic memory device (e.g., a diskette or

fixed disk), an optical memory device (e.g., a CD-ROM), a PC card (e.g., PCMCIA card), or

other memory device. The computer program may be fixed in any form in a signal that is

transmittable to a computer using any of various communication technologies, including, but

in no way limited to, analog technologies, digital technologies, optical technologies, wireless

technologies (e.g., Bluetooth), networking technologies, and internetworking technologies.

The computer program may be distributed in any form as a removable storage medium with

accompanying printed or electronic documentation (e.g., shrink-wrapped software),

preloaded with a computer system (e.g., on system ROM or fixed disk), or distributed from a

server or electronic bulletin board over the communication system (e.g., the internet or World

Wide Web).

[0131] Hardware logic (including programmable logic for use with a programmable logic

device) implementing all or part of the functionality previously described herein may be

designed using traditional manual methods, or may be designed, captured, simulated, or

documented electronically using various tools, such as Computer Aided Design (CAD), a

hardware description language (e.g., VHDL or AHDL), or a PLD programming language

(e.g., PALASM, ABEL, or CUPL).



[0132] Programmable logic may be fixed either permanently or transitorily in a tangible

storage medium, such as a semiconductor memory device (e.g., a RAM, ROM, PROM,

EEPROM, or Flash-Programmable RAM), a magnetic memory device (e.g., a diskette or

fixed disk), an optical memory device (e.g., a CD-ROM), or other memory device. The

programmable logic may be fixed in a signal that is transmittable to a computer using any of

various communication technologies, including, but in no way limited to, analog

technologies, digital technologies, optical technologies, wireless technologies (e.g.,

Bluetooth), networking technologies, and internetworking technologies. The programmable

logic may be distributed as a removable storage medium with accompanying printed or

electronic documentation (e.g., shrink-wrapped software), preloaded with a computer system

(e.g., on system ROM or fixed disk), or distributed from a server or electronic bulletin board

over the communication system (e.g., the internet or World Wide Web).

[0133] Various examples of suitable processing modules are discussed below in more

detail. As used herein a module refers to software, hardware, or firmware suitable for

performing a specific data processing or data transmission task. In one embodiment, a

module refers to a software routine, program, or other memory resident application suitable

for receiving, transforming, routing and processing instructions, or various types of data such

as angiography data, OCT data, IVUS data, offsets, shadows, pixels, intensity patterns,

guidewire segments, sidebranch orientation, stent orientation, stent position relative to side

branch position, user interface data, control signals, angiography data, user actions,

frequencies, interferometer signal data, detected stents, candidate stent struts, IVUS data ,

shadows, pixels, intensity patterns, scores, projections, and guidewire data and other

information of interest as described herein.

[0134] Computers and computer systems described herein may include operatively

associated computer-readable media such as memory for storing software applications used

in obtaining, processing, storing and/or communicating data. It can be appreciated that such

memory can be internal, external, remote or local with respect to its operatively associated

computer or computer system.

[0135] Memory may also include any means for storing software or other instructions

including, for example and without limitation, a hard disk, an optical disk, floppy disk, DVD

(digital versatile disc), CD (compact disc), memory stick, flash memory, ROM (read only

memory), RAM (random access memory), DRAM (dynamic random access memory),



PROM (programmable ROM), EEPROM (extended erasable PROM), and/or other like

computer-readable media.

[0136] In general, computer-readable memory media applied in association with

embodiments of the disclosure described herein may include any memory medium capable of

storing instructions executed by a programmable apparatus. Where applicable, method steps

described herein may be embodied or executed as instructions stored on a computer-readable

memory medium or memory media. These instructions may be software embodied in various

programming languages such as C++, C, Java, and/or a variety of other kinds of software

programming languages that may be applied to create instructions in accordance with

embodiments of the disclosure.

[0137] The term "machine-readable medium" or "computer-readable-medium" includes

any medium that is capable of storing, encoding or carrying a set of instructions for execution

by the machine and that cause the machine to perform any one or more of the methodologies

of the present disclosure. While the machine-readable medium is shown in an example

embodiment to be a single medium, the term "machine-readable medium" should be taken to

include a single medium or multiple media (e.g., a database, one or more centralized or

distributed databases and/or associated caches and servers) that store the one or more sets of

instructions.

[0138] A storage medium may be non-transitory or include a non-transitory device.

Accordingly, a non-transitory storage medium or non-transitory device may include a device

that is tangible, meaning that the device has a concrete physical form, although the device

may change its physical state. Thus, for example, non-transitory refers to a device remaining

tangible despite this change in state.

[0139] The aspects, embodiments, features, and examples of the disclosure are to be

considered illustrative in all respects and are not intended to limit the disclosure, the scope of

which is defined only by the claims. Other embodiments, modifications, and usages will be

apparent to those skilled in the art without departing from the spirit and scope of the claimed

invention.

[0140] The use of headings and sections in the application is not meant to limit the

invention; each section can apply to any aspect, embodiment, or feature of the invention.

[0141] Throughout the application, where compositions are described as having, including,

or comprising specific components, or where processes are described as having, including or



comprising specific process steps, it is contemplated that compositions of the present

teachings also consist essentially of, or consist of, the recited components, and that the

processes of the present teachings also consist essentially of, or consist of, the recited process

steps.

[0142] In the application, where an element or component is said to be included in and/or

selected from a list of recited elements or components, it should be understood that the

element or component can be any one of the recited elements or components and can be

selected from a group consisting of two or more of the recited elements or components.

Further, it should be understood that elements and/or features of a composition, an apparatus,

or a method described herein can be combined in a variety of ways without departing from

the spirit and scope of the present teachings, whether explicit or implicit herein.

[0143] The use of the terms "include," "includes," "including," "have," "has," or "having"

should be generally understood as open-ended and non-limiting unless specifically stated

otherwise.

[0144] The use of the singular herein includes the plural (and vice versa) unless specifically

stated otherwise. Moreover, the singular forms "a," "an," and "the" include plural forms

unless the context clearly dictates otherwise. In addition, where the use of the term "about" is

before a quantitative value, the present teachings also include the specific quantitative value

itself, unless specifically stated otherwise. As used herein, the term "about" refers to a ±10%

variation from the nominal value.

[0145] It should be understood that the order of steps or order for performing certain

actions is immaterial so long as the present teachings remain operable. Moreover, two or

more steps or actions may be conducted simultaneously. The examples presented herein are

intended to illustrate potential and specific implementations of the disclosure. It can be

appreciated that the examples are intended primarily for purposes of illustration of the

disclosure for those skilled in the art. There may be variations to these diagrams or the

operations described herein without departing from the spirit of the disclosure. For instance,

in certain cases, method steps or operations may be performed or executed in differing order,

or operations may be added, deleted or modified.

[0146] Where a range or list of values is provided, each intervening value between the

upper and lower limits of that range or list of values is individually contemplated and is

encompassed within the invention as if each value were specifically enumerated herein. In



addition, smaller ranges between and including the upper and lower limits of a given range

are contemplated and encompassed within the invention. The listing of exemplary values or

ranges is not a disclaimer of other values or ranges between and including the upper and

lower limits of a given range.

[0147] Furthermore, whereas particular embodiments of the disclosure have been described

herein for the purpose of illustrating the disclosure and not for the purpose of limiting the

same, it will be appreciated by those of ordinary skill in the art that numerous variations of

the details, materials and arrangement of elements, steps, structures, and/or parts may be

made within the principle and scope of the disclosure without departing from the disclosure

as described in the claims.

[0148] Furthermore, whereas particular embodiments of the disclosure have been described

herein for the purpose of illustrating the disclosure and not for the purpose of limiting the

same, it will be appreciated by those of ordinary skill in the art that numerous variations of

the details, materials and arrangement of elements, steps, structures, and/or parts may be

made within the principle and scope of the disclosure without departing from the disclosure

as described in the claims.

[0149] What is claimed is:



CLAIMS

1. A method of visualizing intravascular information obtained using an intravascular

data collection probe, the method comprising the steps of:

receiving intravascular data for a blood vessel, the data comprising a plurality

of image frames;

storing the intravascular data in a memory device of an intravascular data

collection system;

detecting one or more side branches on a per image frame basis;

detecting a lumen on a per image frame basis;

determining a first viewing angle for at least one of the side branch or lumen;

and

displaying a three-dimensional visualization for at least one of the side branch

or lumen.

2. The method of claim 1 wherein the lumen is a lumen boundary.

3. The method of claim 1 further comprising displaying a three-dimensional fly through

relative to at least one of the side branch or lumen.

4. The method of claim 1 wherein the intravascular data is optical coherence

tomography data.

5. The method of claim 4 wherein each image frame comprises a set of scan lines.

6. The method of claim 1 further comprising detecting a plurality of stent struts.

7. The method of claim 1 further comprising detecting one or more guide wires.

8. The method of claim 6 further comprising determining a second viewing angle for the

plurality of stents struts.

9. The method of claim 7 further comprising determining a third viewing angle for the

one or more guidewires.

10. The method of claim 1 wherein the three-dimensional visualization is oriented at the

first viewing angle.

11. The method of claim 3 wherein the three-dimensional fly through is user controllable

in one or more directions using an input device.

12. The method of claim 1 further comprising determining a side branch arc of lumen

contour; estimating side branch orientation by fitting a cylinder constrained by side branch

arc; and selecting orientation of fitted cylinder.



13. The method of claim 1 further comprising determining a mid-frame of image frames

of intravascular data, determine mid-arc position on the mid frame; and set initial camera

position for three-dimensional view to orient towards intravascular imaging probe for the

mid-frame.

14. A processor-based system for controlling stent apposition thresholds based on user

inputs, the system comprising:

one or more memory devices; and

a computing device in communication with the one or more memory devices, wherein

the one or more memory devices comprise instructions executable by the computing device

to cause the computing device to:

display a user interface comprising a stent strut apposition threshold control, the

control comprising a user selectable input;

store a user input stent strut apposition threshold in the one or more memory devices;

detect one or more stents in an intravascular data set, the intravascular data set

collected using an intravascular probe;

display the one or more stents and one or more indicia associated with the one or

more stents, wherein the indicia indicates a level of stent strut apposition, the level stent strut

apposition determined using the user selectable input.

15. The method of claim 14 wherein the stent strut apposition threshold control is a slider.

16. The method of claim 15 wherein the user selectable input is one or more values of the

slider.

17. The method of claim 14 wherein the indicia is one or more colors.

18. The method of claim 15 wherein the slider is configured to define three apposition

thresholds.

19. The method of claim 1 wherein the stent strut apposition threshold control measures

stent strut apposition relative to a front face of a stent strut.

20. The method of claim 1 wherein the stent strut stent apposition threshold control is

selected from the group consisting of a form fillable field; a button; a toggle control; a dial,

and a numerical selection input.
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