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(57) Abstract: A method for processing angiography image data by using an
imaging catheter path that is directly detected from the angiography data as a
co-registration path or using detected marker locations from the angiography
data to generate a co-registration path. If the acquired angiography data includes
synchronized cardiac phase signals and a predetermined quantity of angiogra-
phy image frames not including contrast media, then a directly detected imaging
catheter path is used as the co-registration path. Otherwise the co-registration
path is determined based upon detected marker locations from the angiography
image data.
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TITLE

A METHOD FOR CO-REGISTERING AND DISPLAYING MULTIPLE IMAGING

MODALITIES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0000] This application relates, and claims priority, to U.S. Patent Application Serial No.
16/044,881, filed July 25, 2018, and U.S. Patent Application Serial No. 16/044,931, filed July 25,
2018, which claims priority, to U.S. Provisional Application Serial No. 62/537,204, filed July 26,
2017, and to U.S. Provisional Application Serial No. 62/680,780, filed June 5, 2018, which

applications are hereby incorporated by reference herein in their entireties.

BACKGROUND

Field of the Disclosure
[0001] The present disclosure relates in general to processing angiography image data, and more
particularly, to a method that uses an angiography image frame to display the imaging catheter

path and calculate the reliability of co-registration between multiple imaging modalities.

Description of the Related Art

[0002] Coronary angiography imaging and intravascular imaging are important imaging
modalities for percutaneous coronary intervention (PCI). A coronary angiography provides
longitudinal silhouettes of coronary arteries. The longitudinal silhouettes of the coronary artery
are displayed on a monitor to help an interventional cardiologist guide a catheter insertion to a
targeted region. Using coronary angiography during a PCI procedure is preferred because it is
easier to guide the catheter to a lesion than other types of imaging modalities.
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[0003] Another imaging modality used in PCI is intravascular imaging which provides cross-
sectional information of coronary arteries. Intravascular imaging may include intravascular
ultrasound (IVUS) and optical coherence tomography (OCT) that provides more precise lesion
information than a coronary angiography image. However, relying only on an intravascular
imaging modality such as IVUS or OCT in a PCI procedure is difficult when guiding a catheter
to a targeted region such a lesion to gain information about a lumen size, plaque morphology or
implanted devices by way of example.

[0004] A system that enables physicians to connect between two different imaging modalities
including for example both coronary angiography and intravascular imaging during PCI involves
co-registration. Co-registration refers to the spatial alignment of a series of images. For example,
co-registration may refer to the alignment of functional (intravascular imaging) and structural
images (coronary angiography) of a PCI patient to map functional information into anatomical
space. One benefit associated with co-registering angiography imaging with intravascular
imaging includes determining where along the longitudinal silhouette of the coronary artery in an
angiography image frame the intravascular image was acquired.

[0005] One type of co-registration requires generating a vessel centerline from angiography. The
generated vessel centerline is displayed on the angiography image frame. The vessel centerline is
a representative line of the vessel’s longitudinal direction. The co-registration location appears as
an artificial marker on the angiography image frame. The co-registration location is the location
where the intravascular image frame is captured.

[0006] Another type of co-registration between angiography and intravascular imaging is
performed via three-dimensional (3D) trajectory of an imaging catheter path. The 3D trajectory

is created by two angiography views. A user places indicators along the catheter path in both
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angiography views. The two angiography views must be acquired before intravascular imaging
pullback. In other words, this method of co-registration requires generating an imaging catheter
path from angiography data that is acquired prior to intravascular imaging pullback with user
inputs.

[0007] The co-registration between coronary angiography and intravascular imaging results in a
co-registration path. The co-registration path may refer to a targeted region of a coronary artery
of the patient during PCI. The imaging catheter path is an actual path and thus may result in a
more accurate co-registration result than a vessel centerline. However, detecting an imaging
catheter path as the co-registration path is difficult when contrast media fully occupies the
targeted region where the intravascular image is acquired. Therefore, the angiography image
frame that is acquired prior to intravascular imaging pullback may be used to detect an imaging
catheter path to avoid contrast media fully occupying the targeted region. An issue associated
with this is the assumption that the location of the imaging catheter does not change before and
during intravascular imaging pullback. If the imaging catheter path is detected from the
angiography image frame acquired prior to the intravascular imaging pullback, any change to the
location of the imaging catheter during the intravascular imaging pullback affects the accuracy of
the imaging catheter path.

[0008] Another method to improve the accuracy may be the usage of 3D reconstructed co-
registration path. To reconstruct a 3D path, multiple views of angiography image frame are
required, which requires acquiring the angiography image frames prior to the intravascular
imaging pullback. A 3D reconstruction is more processor and time intensive compared to a two-

dimensional (2D) reconstruction of the co-registration path.
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[0009] Thus, there is a need in the art for a system and method for processing angiography
image data based on an imaging catheter path that is not affected by a change to the location of
the imaging catheter during intravascular imaging pullback as well as displaying a 2D

reconstruction of the co-registration path based on the imaging catheter path.

SUMMARY

[0010] The present disclosure is directed to a method for processing angiography image data
using either a directly detected imaging catheter path or detected radiopaque marker locations
from angiography data. The method may include acquiring a plurality of intravascular image
frames and determining an acquisition location of the intravascular image frames on an
angiography image frame from the angiography data that includes the generated co-registration
path. The method may conclude by displaying the angiography image frame with the generated
co-registration path as well as an indicator on the co-registration path that is representative of the
acquisition location of an intravascular image frame on a display. An advantage of the present
disclosure includes using angiography data that is acquired simultaneously during intravascular
imaging pullback so that the imaging catheter path may reflect any change in location of the
imaging catheter during the intravascular imaging pullback. Another advantage includes
generating a co-registration path based on a directly detected imaging catheter path in 2D as well
as by reconstructing based on detected radiopaque marker locations of the angiography data.
[0011] One embodiment of the present disclosure is directed to a method for processing
angiography image data, the method may initiate with importing angiography data including a
plurality of angiography image frames. The angiography data may be synchronized with cardiac

phase signals such that each angiography image frame includes an associated cardiac phase
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signal. The method may continue with a first detecting step for detecting an imaging catheter
path for angiography image frames not including contrast media in a targeted area and saving the
imaging catheter path with the associated cardiac phase signal for angiography image frames not
including contrast media in the targeted area. A second detecting step for detecting a vessel
contour and a marker for angiography image frames including contrast media in the targeted area
and saving the vessel contour, the marker and the associated cardiac phase signal for the
angiography image frames including contrast media in the targeted area. The method may
proceed by selecting an angiography image frame from the angiography image frames including
contrast media and selecting an angiography image frame from the angiography image frames
not including contrast media having identical cardiac phase signals, overlaying the angiography
image frame from the angiography image frames including contrast media with the angiography
image frame from the angiography image frame not including contrast media to determine
whether the detected imaging catheter path in the angiography image frame from the
angiography image frames not including contrast media is located within the vessel contour of
the angiography image frame from the angiography image frames including contrast media, and
a determining step for determining whether the marker associated with the angiography image
frame from the angiography image frames including contrast media is located on the imaging
catheter path of the angiography image frame from the angiography image frames not including
contrast media in response to a determination that the imaging catheter path of the angiography
image frame from the angiography image frames not including contrast media is located within
the vessel contour of the angiography image frame from the angiography image frames including

contrast media.
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[0012] In another embodiment of the present disclosure, a method for processing angiography
image data is executed by a memory and a processor within an intravascular imaging system.
The intravascular imaging system may be configured to receive angiography data from an
angiography system as well as display co-registration results on a display directly or via a
network.

[0013] In another embodiment of the present disclosure, a method for processing angiography
image data is executed by a memory and a processor within an angiography system. The
angiography system may be configured to receive intravascular imaging data from an
intravascular imaging system as well as display co-registration results on a display directly or via
a network.

[0014] In another embodiment of the present disclosure, an image processor separate from an
angiography system and intravascular imaging system may be configured to receive both
angiography data and intravascular imaging data to execute a method for processing angiography
image data. The image processor may connect with the angiography system and the intravascular
imaging system via a network. The image processor may also generate instructions for
displaying a co-registration result on a display as well as an acquisition location of an
intravascular image on the displayed co-registration path.

[0015] Another embodiment of the present disclosure relates to a non-transitory computer-
readable medium encoded with a plurality of processor-executable instructions to perform a
method for processing angiography image data using either a directly detected imaging catheter
path or an imaging catheter path based upon detected radiopaque marker locations associated

with angiography data.
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[0016] Further features of the present disclosure will become apparent from the following

description of exemplary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a schematic diagram illustrating an imaging system for executing various steps
to process angiography image data in accordance with one or more aspects of the present
disclosure;

[0018] FIG. 2 is a flowchart illustrating various image processing steps in accordance with one
or more aspects of the present disclosure;

[0019] FIG. 3 is a time chart diagram illustrating a timing of a co-registration workflow in
accordance with one or more aspects of the present disclosure;

[0020] FIGS. 4A and 4B are flowcharts illustrating various steps for co-registration using a
directly detected imaging catheter path in accordance with one or more aspects of the present
disclosure;

[0021] FIG. 5 is a visual representation of FIGS. 4A and 4B in accordance with one or more
aspects of the present disclosure;

[0022] FIGS. 6A and 6B are flowcharts illustrating various steps for co-registration using an
imaging catheter path based upon marker locations in accordance with one or more aspects of the
present disclosure;

[0023] FIG. 7 is a visual representation of FIGS. 6A and 6B in accordance with one or more
aspects of the present disclosure;

[0024] FIG. 8 is a diagram illustrating one example method of how to evaluate cardiac phase

information in accordance with one or more aspects of the present disclosure;
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[0025] FIGS. 9A and 9B are flowcharts illustrating various steps for determining a location
where acquired intravascular image frames are located on an angiography image frame in
accordance with one or more aspects of the present disclosure;

[0026] FIG. 10 is a diagram illustrating angiography image frames and intravascular image
frames for determining a location of an acquired intravascular image frame on an angiography
image frame in accordance with one or more aspects of the present disclosure;

[0027] FIG. 11 is a diagram illustrating a graphical user interface for displaying a co-registration
result in accordance with one or more aspects of the present disclosure;

[0028] FIG. 12 is a diagram illustrating different periods during intravascular imaging pullback
in accordance with one or more aspects of the present disclosure;

[0029] FIG. 13 is a flowchart illustrating various steps for calculating marker location on a co-
registration path for a time period where angiography data is not available in accordance with
one or more aspects of the present disclosure;

[0030] FIG. 14 is a flowchart illustrating various steps for calculating a co-registration location
on a co-registration path in accordance with one or more aspects of the present disclosure; and
[0031] FIG. 15 shows a schematic diagram of an embodiment of a computer that may be used
for generating a co-registration path in accordance with one or more aspects of the present

disclosure.

DETAILED DESCRIPTION

[0032] The following description is of certain illustrative embodiments, although other
embodiments may include alternatives, equivalents, and modifications. Additionally, the
illustrative embodiments may include several novel features, and a particular feature may not be

essential to practice the devices, systems, and methods described herein.
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[0033] The present disclosure includes using an angiography image frame that is simultaneously
acquired during intravascular imaging pullback and generates an imaging catheter path based on
a directly detected location of a radiopaque marker of an imaging catheter. By using the directly
detected location, the reliability of co-registration may be calculated. The present disclosure is
directed to displaying on a graphical user interface (GUI) an angiography image frame with a co-
registration path to show where an intravascular imaging pullback procedure was performed
along with an indicator to show the location where the intravascular image frame was acquired.
The co-registration path is generated based on the imaging catheter path from an angiography
image frame that is acquired during the intravascular imaging pullback.

[0034] One method for co-registration may include a catheter with a radiopaque marker at the tip
used for intravascular imaging. The processor finds the radiopaque marker on the angiography
image frames by searching a darkest point/mark in the image frames. The co-registration
location is determined by finding a point that is proximal to the detected marker location with the
known distance between the marker and the optical lens for imaging along the longitudinal
direction of the coronary artery. There are other ways of co-registration, and the present
disclosure is not limited to this one particular example of co-registration.

[0035] Referring now to FIG. 1, shown is a schematic diagram of an exemplary imaging system
10 for generating an imaging catheter path based on either a directly detected location of a
radiopaque marker on the imaging catheter or a regression line representing the imaging catheter
path by using an angiography image frame that is simultaneously acquired during intravascular
imaging pullback. The imaging system 10 includes an angiography system 20, an intravascular
imaging system 30, an image processor 40, a display 50 and an electrocardiography (ECGQG)

device 60. The angiography system 20 includes an X-ray imaging device such as a C-arm 22 that
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is connected to an angiography system controller 24 and an angiography image processor 26 for
acquiring angiography image frames of a patient 28.

[0036] The intravascular imaging system 30 of the imaging system 10 includes a console 32, a
catheter 38 and a patient interface unit 37 that connects between the catheter 38 and the console
32 for acquiring intravascular image frames. The catheter 38 is inserted into a blood vessel of
the patient 28. The catheter 38 may function as a light irradiator and a data collection probe that
is disposed in the lumen of a particular blood vessel, such as for example, a coronary artery. The
catheter 38 typically includes a probe tip, one or more radiopaque markers, an optical fiber, and a
torque wire. The probe tip may include one or more data collection systems. The catheter 38 is
threaded in a patient’s artery to obtain images of the coronary artery. The patient interface unit
37 has a motor inside to enable pullback of imaging optics during the acquisition of intravascular
image frames. The imaging pullback procedure obtains images of the blood vessel. The imaging
pullback path may represent the co-registration path which may be a region of interest or a
targeted region of the vessel.

[0037] The console 32 includes a light source(s) 33 and a computer 34. The computer 34
includes an intravascular system controller 35 and an intravascular image processor 36. The
intravascular image processor 35 controls the motor in the patient interface unit 37. The
intravascular image processor 35 may also perform various steps for image processing and
control the information to be displayed.

[0038] Various types of intravascular imaging systems may be used within the imaging system
10. The intravascular imaging system 30 is merely one example of an intravascular imaging

system that may be used within the imaging system 10. Various types of intravascular imaging
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systems may be used including an OCT system, a multi-modality OCT system or an IVUS
system by way of example.

[0039] The imaging system 10 may also include an electrocardiography (ECG) device 60 for
recording the electrical activity of the heart over a period of time using electrodes placed on the
skin of the patient 28. The imaging system 10 may also include an image processor 40 for
receiving angiography data, intravascular imaging data and data from the ECG device 60 to
execute various image processing steps to transmit to a display 50 for displaying an angiography
image frame with a co-registration path. Although the image processor 40 associated with the
imaging system 10 appears external to both the angiography system 20 and the intravascular
imaging system 30, the image processor 40 may be included within the angiography system 20,
the intravascular imaging system 30, the display 50 or a stand-alone device. Alternatively, the
image processor 40 may not be required if the various image processing steps are executed using
either the angiography image processor 26 or the intravascular image processor 36 of the
imaging system 10.

[0040] Referring now to FIG. 2, a flowchart illustrating various steps for co-registering
angiography data obtained from the angiography system 20 with intravascular imaging data
obtained from the intravascular imaging system 30. The following steps for co-registration of
angiography data with intravascular image data is applicable for a directly detected imaging
catheter path as well as an imaging catheter path created as a regression line based on directly
detected radiopaque marker locations based upon a regression line that is calculated. In the first
step S10, angiography data such as angiography image frames are acquired simultaneous to the
acquisition of intravascular image frames. Then, in step S20, the process for co-registration is

initiated with importing both the angiography image frames and the intravascular image frames
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to an image processor. Subsequently, in step S30, a radiopaque marker location is detected for
each angiography image frame from the angiography data. Each angiography image frame from
the acquired angiography data may include a dark point that corresponds to the radiopaque
marker of the catheter 38. The dark point that corresponds to the radiopaque marker of the
catheter 38 is recognized by the image processor. The image processor stores the location of the
radiopaque marker for each frame from a plurality of angiography image frames in a storage
database.

[0041] In step S40, a co-registration path based on the detected radiopaque marker locations is
generated. The co-registration path may represent the area where the image pullback is
performed. The co-registration path may also represent a targeted region of a patient’s coronary
artery. The co-registration path may be generated for an entire angiography image frame or for
selected one or multiple angiography image frames.

[0042] In step S50, a location where each intravascular image frame is acquired with respect to
the angiography image frame is determined. In particular, a location is determined where each
intravascular image is acquired in the global view of a coronary artery tree is searched using the
information of the location of the detected radiopaque marker and the generated co-registration
path. In step S60, the location where each intravascular image is acquired in the global view of
the coronary artery tree is displayed on the angiography image frame within a GUIL The
angiography image frame may also be displayed with an intravascular image frame. Each
acquired intravascular image frame has an acquisition location, and it is visually represented on
the displayed angiography image with the generated co-registration path. If a user prefers, the co-

registration path can be selected not to overlay on the displayed angiography frame. After
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displaying within a GUI, the process for co-registering the angiography image frames and the
intravascular image frames ends.

[0043] Referring now to FIG. 3, a time chart illustrating at what point in time various steps
associated with the co-registration process occur. Before referring to the various steps associated
with the co-registration process, there are three events to note within the time chart. The first
event corresponds to contrast media being injected into a patient’s artery or blood vessel to clear
the blood within the area where the intravascular image will be acquired. The contrast media
may refer to a dye that is injected into the patient. Sometime after the contrast media is injected
into the patient, the contrast media reaches the targeted region which corresponds to the second
event along the time chart. A third event associated with the time chart includes the completion
of an intravascular imaging pullback procedure which occurs after the contrast media reaches the
targeted region of the patient.

[0044| The intravascular image frames are acquired when the contrast media reaches the targeted
region of the patient and until the intravascular imaging pullback procedure is completed. Pre-
processing and display of an intravascular image may occur in parallel to acquisition of the
intravascular image frames with a certain time delay. The angiography data including
angiography image frames are acquired when an X-ray is on until the X-ray is off. The
acquisition of the angiography image frames may start before the contrast media reaches the
targeted region of the patient. It is only necessary to acquire the angiography data until the third
event where the intravascular imaging pullback procedure is completed. After the angiography
data is acquired, the co-registration process may be initiated by importing the angiography data.
The importing of the angiography data may occur after the intravascular imaging pullback

procedure is completed.
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[0045] The next step in the co-registration process includes detecting radiopaque marker
locations for each angiography image frame. The detection of the radiopaque marker locations
may occur after the angiography data is imported. Next, the co-registration path is generated
after the radiopaque marker locations are detected for the angiography data. After generating the
co-registration path the image processor may determine the acquisition locations of the
intravascular image frames with respect to the co-registration path and the detected radiopaque
marker location. Then, the angiography image frame and the intravascular image frame may be
displayed on the monitor with overlaying the co-registration path and an artificial indicator
representative of the acquisition locations of the intravascular image frames on the displayed
angiography image frame. The displayed angiography image frame and intravascular image
frame may be changed within the acquired angiography data and the intravascular data, along
with the overlaying co-registration path and co-registration location. Both the angiography image
frame and the intravascular image frame may appear as video that plays on the GUIL The
displayed co-registration result is then analyzed by an interventional cardiologist by way of
example.

[0046] Since the frame rate of intravascular image data is higher than that of the angiography
image data, there are multiple intravascular frames of which acquisition location cannot be
determined directly from the angiography image data by directly detecting radiopaque marker
locations. Therefore, generation of a co-registration path is required to determine the acquisition
locations for the intravascular image frames that do not have the corresponding angiography
image frame.

[0047] Referring now to FIG. 4A, a flowchart illustrating various steps for generating a co-

registration path based on an imaging catheter path that is directly detected. Since an imaging
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catheter path is used as the co-registration path, the accuracy of co-registration depends on the
accuracy of the imaging catheter path generation. The advantage of using a directly detected
imaging catheter path is that typically it is more accurate than other methods.

[0048] As an example, a guidewire over which the imaging catheter is delivered to the targeted
vessel or a drive-cable of the imaging catheter can be used as the imaging catheter path. The
imaging catheter path and the vessel contours can be detected by applying an edge detection
filter, such as Sobel, Canny, Prewitt, Roberts, or others, and/or any combination from the edge
detection filters. The radiopaque marker can be detected with, for example, Viterbi-based
method or any edge detection method. The detected information is saved to each angiography
image frame with the cardiac phase information if the corresponding ECG data is available. The
cardiac phase information is obtained based on an ECG signal. One way to evaluate the cardiac
phase information is calculating the percentage of cardiac cycle length as shown in FIG. 8.
[0049] In FIG. 8, cardiac phase information is evaluated based on the length of the entire cardiac
cycle (L). The system may determine where along /. a selected angiography image frame is
acquired to determine the length of the cardiac cycle for the selected angiography image frame
(/). To determine the percentage of cardiac cycle length with respect to the selected angiography
image frame the following equation is applied: ((Z/L) * 100) = percentage of cardiac cycle length.
[0050] In step S100, the process is initiated with the importing of angiography data including
angiography image frames. The angiography data may also include cardiac phase information
from the ECG 60 of FIG. 1. In particular each angiography image frame may include a cardiac
phase signal value associated therewith according to time when the angiography image frame

was acquired.
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[0051] FIGS. 4A and 4B illustrate a case where the angiography image frames include the
cardiac phase information (i.e., the angiography data are synchronized with the ECG signal) and
there are enough angiography image frames without the contrast media in the targeted region of
the blood vessel. In this case, the system can directly detect a co-registration path (i.e., an
imaging catheter path). The accuracy of the imaging catheter path may be improved by the
cardiac motion with the usage of the cardiac phase information and by checking the detected
imaging catheter path location with detected radiopaque marker locations.

[0052] In step S102 a first angiography image frame is selected. In step S104, a determination is
made with respect to whether there is contrast media in the targeted region of the blood vessel.
To generate a directly detected imaging catheter path there are two requirements. The first
requirement is including cardiac phase information associated with each angiography image
frame. Cardiac phase information refers to an ECG signal synchronized with the angiography
data. The second requirement includes a minimum quantity of angiography image frames that do
not include contrast media in the targeted region of the blood vessel of a patient. Thus, in step
S104 the determination of contrast media in the targeted region of the blood vessel divides the
angiography image frames into two groups. One group of angiography image frames includes
contrast media in the targeted region and another group of angiography image frames do not
include contrast media in the targeted region. If there are not enough angiography image frames
without the contrast media, then the imaging catheter path is determined using a regression line
described below with respect to FIGS. 6A and 6B. The determination may be made based upon a
predetermined threshold for angiography image frames without contrast media in the targeted
region. The predetermined threshold may be automatically selected or inputted by a user of the

imaging system 10 of FIG. 1.
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[0053] The imaging system checks whether the imported angiography data has enough
angiography image frames without the contrast media in the targeted blood vessel (i.e., the vessel
region where the intravascular image is acquired). The imaging system may determine that the
number of frames is sufficient if the angiography image frames without the contrast media are
available for at least one cardiac cycle.

[0054] If it is determined in step S104 that the contrast media is not in the targeted region of the
blood vessel, the first angiography image frame may be stored within the group of angiography
image frames that do not include the contrast media in the targeted region and the process
proceeds to step S106. In step S106, the imaging catheter path is detected for the first
angiography image frame. In step S108, the information of the detected imaging catheter path
and the cardiac phase associated with the first angiography image frame are saved with the first
angiography image frame. After the detected imaging catheter path and the cardiac phase is
saved with the first angiography image frame, it is determined whether the first angiography
image frame is the last frame in step S110. In this example, the first angiography frame is not the
last angiography image frame, the co-registration process proceeds to step S112 for selecting the
next angiography image frame and the process returns to step S104. In this example, the next
frame is the second angiography image frame and the steps are repeated until a last angiography
image frame is selected.

[0055] Referring again to step S104 in FIG. 4A, if it is determined that there is contrast media in
the targeted region of the blood vessel of the selected angiography image frame (Yes in step
S104), the process proceeds to step S114. In step S114, the vessel contour of the targeted region
and radiopaque marker are detected for the selected angiography image frame. Following step

S114, the detected vessel contour, the detected radiopaque marker and the cardiac phase
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information associated with the selected angiography image frame are saved. Subsequently, it is
determined in step S110 if the selected angiography image frame is the last frame. If it is
determined that the selected angiography image frame is not the last frame (No in step S110), a
next angiography image frame is selected in step S112 and the process returns to step S104.
[0056] In step S110, if it is determined that the selected angiography image frame is the last
angiography image frame (Yes in step S110), the process proceeds to A which continues with the
flowchart of FIG. 4B. Referring now to FIG. 4B, the flowchart illustrates various steps for
determining whether the imaging catheter paths detected from one group of angiography image
frames locate within the vessel contours detected from another group of angiography image
frames in order to overlay the detected imaging catheter path onto the detected radiopaque
marker.

[0057] In step S200, a first angiography image frame with contrast media is selected, and then in
step S202 an angiography image frame without the contrast media that has the same cardiac
phase as the first angiography image frame with contrast media is selected. In step S204, the two
angiography images are overlaid. In step S206 it is determined whether the detected imaging
catheter path is located within the detected vessel contour. If the detected imaging catheter path
is located within the detected vessel contour (Yes in step S206), the process continues to step
S208 to determine whether the detected radiopaque marker is located on the imaging catheter
path. If it is determined in step S208 that the detected radiopaque marker is located on the
imaging catheter path (Yes in step S208), the information of the imaging catheter path location is
saved with the selected angiography image frame with the contrast media, as well as the detected
radiopaque marker location in step S214. The process continues to step S216 where it is

determined whether the selected first angiography image frame with the contrast media is the last
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angiography image frame with contrast media. If it is determined that the selected first
angiography image frame with contrast media is not the last frame (No in step S216), then a next
angiography image frame with contrast media is selected in step S218 and the process returns to
step S202. Alternatively, if the selected angiography image frame with contrast media is the last
frame (Yes in step S216), the process ends.

[0058] When it is determined in step S206 that the detected imaging catheter path is not located
within the detected vessel contour (No in step S2006), then it is determined whether there is
another angiography image frame without contrast media at the same cardiac phase in step S220.
If it is determined that there is another angiography image frame without contrast media at the
same cardiac phase (Yes in step S220), then the process returns to step S204 and the new frame
without contrast media at the same cardiac phase is overlaid with the selected angiography image
frame with contrast media. Alternatively, if there is no angiography image frame without
contrast media at the same cardiac phase (No in step S220), then the flowchart proceeds to step
S216.

[0059] Returning to step S208, if it is determined that the detected radiopaque marker is not
located on the imaging catheter path (No in step S208), it is then determined whether the
detected radiopaque marker is located within a predetermined distance from the imaging catheter
path in step S210. If the detected radiopaque marker is not within a predetermined distance of the
imaging catheter path (No in step S210), the process returns to step S220. Alternatively, if the
detected radiopaque marker is located within a predetermined distance from the imaging catheter
path (Yes in step S210), then a closest point to the detected radiopaque marker on the imaging

catheter path is updated as a marker location in step S212. Then in step S214, the updated marker
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location and the imaging catheter path location is saved with the selected angiography image
frame with contrast media.

[0060] Referring now to FIG. 5 which illustrates the processes described in FIGS. 4A and 4B.
The angiography data is acquired when an X-ray is on until the X-ray is off. The angiography
data includes a plurality of angiography image frames which are divided into two different
groups of angiography images frames. A first group of angiography image frames may include
those angiography image frames without the contrast media in the targeted region of the targeted
blood vessel. The first group of angiography image frames is acquired from the point where the
X-ray is on until the contrast media reaches the targeted region. An image processor may be used
to detect the imaging catheter path for the group of angiography image frames without the
contrast media. The angiography image frame 70 includes an imaging catheter path 71 that is
detected by the image processor.

[0061] The second group of angiography image frames may include angiography image frames
with the contrast media in the targeted region of the targeted blood vessel. The angiography
image frames with the contrast media are those angiography image frames that are acquired once
the contrast media reaches the targeted region until the intravascular imaging pullback procedure
is completed. The angiography image frame 72 includes the detected vessel contours 74 as well
the detected radiopaque marker 73.

[0062] After the processes of detecting and saving for entire angiography image frames, the
system chooses one angiography image frame from the group of angiography image frames with
the contrast media and finds an angiography image frame with the same cardiac phase from the
angiography image frames without the contrast media. Then, the imaging catheter path 71

detected from the selected angiography image frame 70 is overlaid on the selected angiography
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image frame 72 as shown in the angiography image frame 75 including the two overlaid
angiography image frames (70, 72). The angiography image frame 75 is used to determine
whether the detected imaging catheter path 71 is located within the detected vessel contours to
make sure the detected imaging catheter path can be a representative line of the vessel’s
longitudinal direction. The angiography image frame 75 is also used to determine whether the
detected radiopaque marker 73 is located on or within a certain distance from the detected
imaging catheter path. Using the overlaid image 75, the system may determine whether the
detected radiopaque marker is located on or within a certain distance from the detected imaging
catheter path. The threshold of the distance can be predetermined by the system or determined by
a user. If the overlaid image meets both criteria, the information of the detected imaging catheter
path location is saved with the selected angiography frame with the contrast media. When the
detected radiopaque marker is not located on the detected imaging catheter path but is located
with a certain distance, the closest location to the detected radiopaque marker location on the
imaging catheter path is searched, and its location is saved with the angiography frame with the
contrast media by updating the detected marker location. If the overlaid image does not meet
either one of the criteria, the system may search another angiography frame without the contrast
media and follows the same process.

[0063] If there is no other angiography frame without the contrast media with the same cardiac
phase, the system stops the process for the selected angiography frame with the contrast media.
Then, the system selects another angiography image frame with the contrast media and repeats
the entire process until the last frame with the contrast media is processed.

[0064] Referring now to FIGS. 6A and 6B, the flowcharts illustrate a case where the co-

registration path is based on an imaging catheter path determined from a regression line that is
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based upon detected marker locations associated with the angiography data. The flowcharts of
FIGS. 6A and 6B may be applied when the angiography data does include the cardiac phase
information and/or when there are not enough angiography image frames without the contrast
media in the targeted region of the blood vessel. In FIG. 6A, the process initiates with step S300
which includes importing angiography data that may include a plurality of angiography image
frames. A first angiography image frame is selected in step S302. In step S304, it is determined
whether contrast media is in the targeted region of the targeted blood vessel for the selected first
angiography image frame. If it is determined that the contrast media is in the targeted vessel for
the first angiography image frame (Yes in step S304), the vessel contour of the targeted region
and the radiopaque marker are detected for the first angiography image frame selected in step
S306. In step S308, the detected vessel contour and the radiopaque marker are saved with the
first angiography image frame selected.

[0065] In step S310, it is determined where the selected angiography image frame is the last
angiography image frame. If the selected angiography frame is not the last frame (No in step
S310), then in step S312, the next angiography frame is selected. In this example, the second
angiography image frame is selected in step S312 and the process returns to step S304 until
every angiography image frame has been selected. Alternatively, if in step S310 it is determined
that the last frame is selected (Yes in step S310), the process proceeds to B which continues with
the flowchart of FIG. 6B. Returning to step S304, if the angiography image frame that is selected
does not include contrast media (No in step S304), then the process skips ahead to step S310.
[0066] In FIG. 6B, the process is initiated by selecting all angiography image frames with
contrast media in the targeted vessel in step S400. Next in step S402, all the detected radiopaque

marker locations from the selected angiography image frames are collected. In step S404, a
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regression line is generated based on all the detected radiopaque marker locations collected from
the selected angiography image frames using, for example, least squares regression method. In
step S4006, a first angiography image frame is selected from the angiography image frames with
contrast media. In step S408, a determination is made with respect to whether the regression line
fits within the detected vessel contour of the selected angiography image frame with contrast
media. In the case where the regression line fits within the detected vessel contour (Yes in step
S408), it is then determined whether the detected radiopaque marker is located on the generated
regression line in step S410.

[0067] If the detected radiopaque marker is on the regression line (Yes in step S410), the
information associated with the regression line and the detected radiopaque marker location is
saved with the selected angiography image frame in step S412. In step S414 it is determined
whether the selected angiography image frame is the last frame with contrast media. If the
selected angiography image frame is the last frame (Yes in step S414), then the process for
generating a co-registration path is concluded. Alternatively, if it is determined that the selected
angiography image frame is not the last angiography image frame with contrast media (No in
step S414), a next frame is selected in step S416 and the process returns to step S408.

[0068] Returning now to step S408, if it is determined that the regression line does not fit within
the detected vessel contour (No in step S408), the closest angiography image frame that the
regression line can fit within the detected vessel contour associated with the closest frame is
determined in step S418. Then in step S420, the closest angiography frame along with the
detected vessel contour replaces the selected angiography image frame.

[0069] In step S410, if the detected radiopaque marker is not located on the regression line (No

in step S410), then a point on the regression line closest to the detected radiopaque marker is
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determined in step S422. Then the location of the closest point on the regression line that is
associated with the selected angiography frame is saved in step S424.

[0070] Referring now to FIG. 7, the angiography image frames 80 that include contrast media in
the targeted region of a targeted blood vessel are grouped together. The angiography image
frames 80 are the frames acquired once the contrast media reaches the targeted region until an
intravascular imaging pullback procedure is completed. For each of the angiography image
frames 80, an image processor may be used to detect the vessel contours 82 as well as the
radiopaque marker 81. Then, all the information of the detected radiopaque marker locations 84
is collected and plotted in the same plane of the angiography image frame 83. Based on the
detected radiopaque marker locations 84, a regression line 86 shown in the angiography image
frame 85 is generated by using, for example, least squares regression method. After that, the
system selects an angiography image frame from the previously selected angiography image
frames and checks whether the regression line locates within the detected vessel contours. If the
regression line 86 does not locate within the vessel contours as shown in the angiography image
frame 88, the system searches another angiography image frame that the regression line 86 can
locate within the vessel contours as shown in the angiography image frame 87 and that is
acquired at the closest timing to the originally selected angiography image frame. The searched
angiography image frame 87 with the closest timing replaces the originally selected angiography
image frame. Upon replacement, the information of the detected vessel contours is also replaced,
while the information of the detected radiopaque marker location is not replaced.

[0071] Then, the system checks whether the detected marker locates on the regression line. If the
detected marker does not locate on the regression line, the system searches the closest location to

the detected marker location on the regression line, and updates the information of the
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radiopaque marker location with the newly searched location. After that, the information of the
detected or updated marker location and the regression line is saved with the selected
angiography image frame. This process is repeated for each angiography image frame with the
contrast media in the targeted region of the blood vessel. The process after generating a
regression line can be performed in a different order. The system may first check whether the
regression line locates within the detected vessel contours and update the angiography image
frame if necessary for the group of angiography image frames with the contrast media. Then, the
system can check whether the detected radiopaque marker locates on the regression line or not
and updates its location if necessary.

[0072] FIGS. 9A and 9B are flowcharts illustrating various steps to find an acquisition location
of the intravascular image frame with respect to the angiography image frame. FIGS. 9A and 9B
correspond to step S50 of FIG. 2. In step S500, the system imports intravascular image data
including a plurality of intravascular image frames. In step S502, the angiography image frames
with the co-registration paths and marker locations that were determined based on the co-
registration steps outlined in FIGS. 4A & 4B or FIGS. 6A & 6B are imported. If the cardiac
phase information was available as well as the requisite number of angiography image frames
without contrast media, then the angiography image frames with the co-registration paths and
marker locations that were determined based on the co-registration steps outlined in FIGS. 4A &
4B are imported. Alternatively, if the cardiac phase information was not available or there were
not enough angiography image frames without the contrast media, then the angiography image
frames with the co-registration paths and marker locations that were determined based on the co-
registration steps outlined in FIGS. 6A & 6B are imported. In other words, the system includes

the intravascular image frames and the angiography image frames with the co-registration path,
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either the directly detected imaging catheter path based on the steps outlined in the flowchart of
FIGS. 4A & 4B or the newly generated imaging catheter path with the regression model, and the
detected radiopaque marker locations based on the steps outlined in the flowchart of FIGS. 6A &
6B.

[0073] In step S504, a first intravascular image frame is selected. Next, in step S506 it is
determined whether there is a corresponding angiography image frame based on the timestamp
associated with the selected intravascular image frame. Initially the system may search the
intravascular image frames that have the angiography image frames obtained at about the same
time using the timestamps of both the intravascular image frame and the angiography image
frame. If it is determined that there is a corresponding angiography image frame based on the
timestamp (Yes in step S506), then, indices of the corresponding angiography frame number are
added to the selected intravascular image frame in step S508, while the indices of the
corresponding intravascular frame number are added to the angiography image frame in step
S510. Alternatively, if it is determined that there is no corresponding angiography image frame
based on the timestamp (No in step S506), then it is determined whether the selected
intravascular image frame is the last intravascular image frame in step S512. If the selected
intravascular image frame is not the last intravascular image frame (No in step S512), then a next
intravascular image frame is selected in step S514 and returns to step S506. This process may be
repeated until a last intravascular image frame is selected. If in step S512, it is determined that
the selected intravascular image frame is the last intravascular image frame (Yes in step S512),
then the flowchart continues to C which continues with the flowchart illustrated in FIG. 9B.
[0074] Referring now to FIG. 9B, a first and second intravascular image frames that have indices

of the corresponding angiography image frame number are determined in step S600. In step
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S602, a number of intravascular image frames between the first and the second intravascular
image frames are determined. Then, the locations of the radiopaque marker bands in the
corresponding two angiography image frames are determined in step S604. In step S606, the
distance between the two radiopaque marker band locations are determined and then divided by
the number of intravascular image frames along the co-registration path that were determined in
step S602. In step S608, a first intravascular image frame that does not have the index of the
corresponding angiography frame number is selected. Then an angiography image frame that is
acquired at a close time-point to the intravascular image frame selected in step S608 is
duplicated in step S610. In step S612, an artificial marker location is generated based on the
calculated distance and the information is saved with the duplicated angiography image frame. In
step S614, it is determined whether the second intravascular image frame from step S600 is the
last intravascular image frame. If the second intravascular image frame is not the last
intravascular image frame (No in step S614), then a next set of intravascular image frames with
indices of the corresponding angiography image frame number are selected in step S616, and the
process returns to step S600. Alternatively, if the second intravascular image frame is the last
intravascular image frame (Yes in step S614), then the process for finding an acquisition location
of the intravascular image frame with respect to the angiography image frame is completed.
[0075] Referring now to FIG. 10, the process outlined in the various steps of FIG. 9B are
visually described. The system may find a first intravascular image frame 90 and a second
intravascular image frame 92 [7,,~th and j;,-th frames] that have indices of the corresponding
angiography image frame number, and counts the number of intravascular image frames between
these two selected frames [7; » = ji» — i) 94. The two corresponding angiography image frames

are iqe-th 96 and j,.-th 98. Then, the system finds the corresponding radiopaque marker locations
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[(xi ag> Vi ag) and (X; ag, V; ag)] from the corresponding angiography image frames [7,-th and je-th
frame] (96, 98). Next, the system divides the distance between (X; 4, Vi ag) and (X; 4g, Vj ag) bY
ny; » along the co-registration path [dj; = {(X; ag, V/ ag) — (Xi ag> Vi ag)} / 1y iv]. After that, the system
selects the (7, +1)-th intravascular image frame and duplicates the angiography image frame 100
that is acquired at the closest timing on which the (i;, + 1)-th intravascular image frame is
acquired.

[0076] When the angiography image frame 100 is duplicated, the imaging catheter path 104 is
also duplicated. On the duplicated angiography image frame 100, the system generates a point
106 (i.e., an artificial marker) that locates at the calculated distance d; from (x; 4, Vi 4¢) along the
co-registration path. The system then saves the artificial marker location on the duplicated
angiography image frame 100 with the index of the corresponding intravascular image frame
number. The system repeats these processes until it finishes them for (j;, — 1)-th intravascular
image frame. Then, the system finds the second and the third intravascular image frames that
have indices of the corresponding angiography image frame number, and repeats the above-
described process. The process repeats until the system finishes with the second to last
intravascular image frame and the last intravascular image frame that have the indices of the
corresponding angiography frame number. The processes described above may be completed in
a different order. The system can generate artificial markers every time it finds two intravascular
image frames that have angiography image frames that are acquired at the same time.

[0077] In the method for generating a co-registration pair between the intravascular image frame
and the angiography data, when (7;, + 1)-th intravascular image frame is selected, the
angiography image frame is duplicated. However, in another method, the angiography image

frame does not have to be duplicated. When (7;, + 1)-th intravascular image frame is selected, the
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angiography image frame that is acquired at the closest timing on which the (i, + 1)-th
intravascular image frame is acquired is searched, and its frame number is saved to the index of
the (7;, +1)-th intravascular image frame. Then, the acquisition location of the (i, +1)-th
intravascular image frame is searched on the co-registration path using the same process
described above. The searched location is saved to the (i;, +1)-th intravascular image frame,
along with the index of the angiography frame number.

[0078] Referring now to FIG. 11, the co-registration result may be displayed on a monitor or
display using a graphical user interface (GUI) 200. The GUI may include the angiography image
frame 202, the intravascular image frame 204 and a longitudinal view of a portion of the co-
registration path 206. The co-registration path 210 is included in the angiography image frame
202 along with the vessel contours 208. The co-registration path 210 shows where the
intravascular imaging pullback procedure was performed.

[0079] The system includes the intravascular image frame and the angiography image frame
with the corresponding intravascular frame number. Once the intravascular image frame is
selected by the system or by a user, the system searches the corresponding angiography frame
using the indices of the angiography image frame and displays the angiography image frame on
the monitor with an artificial indicator 212 overlaid on the angiography image frame. The
artificial indicator 212 shows the position where the selected intravascular image frame 204 is
acquired. The system also overlays the co-registration path 210(i.e., the imaging catheter path
that is directly detected or generated using a regression model) as its default setting, and a user
can select not to display based on a user preference. In addition, the system displays the
longitudinal view of the targeted vessel 206. The longitudinal view is generated using the

acquired intravascular image frame, and may have multiple patterns. In one example, the
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longitudinal view shows the location where the intravascular image frame was acquired using an
artificial indicator 216.

[0080] The system also has an ability to check the reliability of co-registration. The intravascular
image frames that have indices of the corresponding angiography image frame are numbered as
in-th, ji-th, ki-th, ly-th, ..., and z,-th. The system chooses two intravascular image frames that
have the indices of the corresponding angiography image frame number [for example, 7;,-th and
ki~th frames]. These two frames should be apart at least one frame that has the index of the
corresponding angiography frame number [in this example, ji,~th frame is skipped]. Then, the
system estimates the co-registration location for each of the intravascular image frames that are
acquired between the two selected frames, 7;,-th and £;,-th frames. After that, the estimated co-
registration location(s) is compared to the actual co-registration location(s) that is directly
detected (and updated) from the corresponding angiography image frame [in this example, the
comparison is performed for the j,-th frame]. The difference between the actual and the
estimated locations is considered as reliability value. If the reliability value exceeds a certain
threshold, an alert may be shown on the monitor when the co-registration result is displayed. The
threshold can be predetermined by the system, or can be determined by a user based on a user
preference. An alert can be a text message on the display, and/or a graphical output, such as a
color-coded indicator 214 and an indicator with different line style or different shape.

[0081] In another embodiment of the present disclosure alternative methods are provided for
imaging catheter path detection, step S106 in FIG. 4A, and for radiopaque marker detection, step

S114 in FIG. 4A and step S306 in FIG. 6A.
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[0082] First, a filter, e.g., homomorphic filter, is applied to reduce background noise that is
created due to bone structure (e.g., ribs) and/or other organs (e.g., kidney). This process may be
applied before step S104 in FIG. 4A or before step S304 in FIG. 6A.

[0083] Then, for step S106, i.e., the detection of imaging catheter path, an edge detection filter,
such as Sobel, Canny, Prewitt, Roberts, or others, and/or any combination from the edge
detection filters is applied, and the inner space of the dilated edges is filled. After that, a
component(s) that contains the imaging catheter path is selected. The component selection can be
done automatically by setting a pre-determined threshold or can be done semi-automatically by
having one or multiple inputs from a user to specify the approximate location. Next, the selected
component(s) is skeletonized. As a last step, the skeletonized result is smoothed by applying a
smoothing function, for example, a cubic spline function or a polynomial fitting function.
[0084] For the detection of radiopaque marker, i.e., step S114 or step S306, after applying a filter
to reduce the background noise, an edge detection filter, such as Sobel, Canny, Prewitt, Roberts,
or others, and/or any combination from the edge detection filters is applied. Using the location
information of the detected edge, the angiography image frame is masked to show only the area
within the detected edges. Next, one or multiple dark points are searched in each masked
angiography image frame. The number of points that are searched in each frame can be
predetermined or can be set by a user, but it should be the same number throughout the
angiography data.

[0085] After one or multiple dark points are searched in all the angiography image frames, the
targeted radiopaque marker is determined for each frame. First, a user is asked to specify the
approximate location of the radiopaque marker location in the first angiography image frame.

Then, the targeted radiopaque marker is determined by searching the closest point from a point
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that a user inputs in the first angiography image frame. For the subsequent frames, the targeted
radiopaque marker is determined by searching the closest point from the detected radiopaque
marker location in the previous frame.

[0086] One or multiple dark points are searched and the determination of the targeted radiopaque
marker can be done for each angiography image frame. In this case, the accuracy of radiopaque
marker detection may be improved by narrowing down the searching area based on the targeted
radiopaque marker location in the previous frame. Before searching one or multiple dark points,
the angiography image frame is further masked to show only the area within the detected edges
and proximal to the detected radiopaque marker location in the previous frame. A certain margin
can be added to accommodate the movement of the targeted vessel due to cardiac motion. The
margin can be predetermined by a system or can be set manually by a user.

[0087] A user input to specify the approximate location of the radiopaque marker location in the
first angiography image frame can be obtained any time before the targeted radiopaque marker is
determined in the first angiography image frame.

[0088] For the detection of the radiopaque marker, the determination of the targeted radiopaque
marker can be achieved by tracking each searched point throughout the angiography data after
one or multiple dark points are searched in all angiography image frames. Then, one or multiple
dark points are searched in each angiography image frame. The number of points that are
searched in each frame can be pre-determined or can be set by a user, but it should be the same
number throughout the angiography data. Since only the radiopaque marker should move in one
particular direction, i.e., the longitudinal direction of the targeted vessel, the targeted radiopaque

marker can be determined by finding one point that moves in the particular direction. For
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tracking, a Viterbi-based method or a Speeded Up Robust Features (SURF) method may be used
by way of example.

[0089] In another embodiment of the present disclosure, different co-registration options may be
available in the case that the angiography image data is not available for an entire period of the
intravascular imaging pullback. This situation may occur when a user turns off X-ray during the
pullback accidentally or intentionally, and/or the system encounters any problem at step S20 in
FIG. 2. When the angiography image data is not available for the entire period of the pullback,
after a user selects to perform co-registration, the system asks a user whether the user would like
to continue with the co-registration process. If the user selects to continue, the image processor
checks the angiography image data and selects an option from two other options. The system
selects Option A when the angiography image data is available partially during the pullback, and
selects Option B when no angiography image data is available during the pullback. Option A is
described with reference to FIGS. 12 and 13, and Option B is described with reference to FIG. 14
as described below. In other situations, some of the angiography image frames may not have the
sufficient quality for the marker detection image processing or for co-registration processing
purpose. In these situations, the system or the image processor 40 may determine whether there
is a valid (available) angiography image frame, for co-registration, acquired during the pullback,
and may use the marker location detected in the valid angiography image frame to calculate an
acquisition location of at least one of the intravascular image frames. In this situation, the system
selects Option A and using the valid angiography image frames as the available angiography
image frames during the pullback. In a case where there is no valid angiography image frame

acquired during the pullback, the system selects Option B.
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[0090] FIG. 12 is a schematic figure describing when the angiography image is available relative
to the intravascular imaging pullback. In this figure, period B is the time period when the
angiography image is available, and periods A and C are the time periods when the angiography
image is not available. For this Option A, steps S20-S40 in FIG. 2 may be changed to the steps
that are described in FIG. 13, as one example method. FIG. 13 includes step S700 for selecting
one angiography frame, then defining a co-registration path on the selected frame in step S701 in
order to project the detected marker location on the co-registration path in step S702. In step
§703, the marker location on the co-registration path is calculated based on the detected location
and the pullback speed for the time period that angiography data is not available.

[0091] After importing the angiography data, first, the radiopaque marker is detected in the time
period of the intravascular imaging pullback where the angiography image is available (period B
in FIG. 12) in a similar manner to the case in which the angiography data is available for the
entire pullback. Then, the system selects one angiography frame and defines a co-registration
path. This path can be a vessel centerline or an imaging catheter path. Then, the detected
radiopaque marker locations are projected onto the co-registration path. Based on the projected
locations in the period where the angiography image was captured during a part of the
intravascular imaging pullback, the radiopaque marker locations for time period(s) during the
intravascular imaging pullback where the angiography image is not available (periods A and C in
FIG. 12) are calculated along the extracted co-registration path using the pullback speed of the
intravascular imaging. If the system calculates the acquisition locations of the intravascular
image based on the detected radiopaque marker locations during the period where the
angiography image was captured before a co-registration path is defined or before the locations

are projected onto the path, the acquisition locations for the time period(s) where the
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angiography image was not captured can be calculated at a later time. For Option B, first, the
system asks a user whether to capture a new angiography image. After the new angiography
image is acquired and delivered to the image processor, the image processor will continue with
the co-registration process. One example way of the co-registration process for this Option B,
which corresponds to steps S20-S40 in FIG. 2, is described in FIG. 14. If the angiography data
contains multiple frames, one angiography frame is selected first. This selection can be
automatic by the system or selected manually by a user. Then, a user is requested to place inputs
at the start and end locations of the intravascular imaging pullback on the selected frame.
Subsequently, the system extracts a co-registration path in the selected frames and calculates the
co-registration locations on the extracted path in the similar manner to Option A, during periods
A and C. The extraction can be performed before the system obtains user inputs. Step S800 of
FIG. 14 includes showing the selected frame to a user, then obtaining user inputs to define the
beginning and the ending locations of the pullback. Step S802 includes calculating the co-
registration location on the co-registration path based on the user inputs and the pullback speed.
[0092] FIG. 15 is an exemplary block diagram of a hardware configuration of the computer 34 of
FIG. 1. However, the computer 300 may also be implemented in the angiography system 20
instead of the intravascular imaging system 30. In another embodiment of the present disclosure
the computer 300 may be a stand-alone device encompassing the image processor 40 shown in
FIG. 1.

[0093] The computer 300 include a central processing unit (“CPU”) 301, a ROM 302, a RAM
304, a communication interface 306, a hard disk (and/or other storage device) 308, a display
interface 310, a keyboard (or input interface; may also include a mouse or other input device in

addition to the keyboard) 312 and a BUS or other connection lines (e.g., connection line 314)
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between one or more of the aforementioned components as shown in FIG. 15. The computer 300
may include one or more combinations of the other atforementioned components. The CPU 301
is configured to read and perform computer-executable instructions stored in a storage medium.
The computer-executable instructions may include those for the performance of the methods
and/or calculations described herein. The computer 300 may include one or more additional
processors in addition to CPU 301, and such processors, including the CPU 301, may be used for
acquiring information from an intravascular imaging system, an angiography system, and EGC
device to determine a co-registration path with an indicator representative of a position along the
co-registration path where an intravascular image frame is acquired. The computer 300 may
further include one or more processors connected via a network connection (e.g., via network
316). The CPU 301 and any additional processor being used by the computer 300 may be
located in the same telecom network or in different telecom networks.

[0094] The I/O or communication interface 306 provides communication interfaces to input and
output devices, which may include the two light source 33, a communication cable and a
network (either wired or wireless), a keyboard 312, a mouse, a touch screen or monitor 50.
[0095] Any methods and/or data of the present disclosure, such as the methods for generating a
co-registration path, may be stored on a computer-readable storage medium. A computer-
readable and/or writable storage medium used commonly, such as, but not limited to, one or
more of a hard disk (e.g., the hard disk 308, a magnetic disk, etc.), a flash memory, a CD, an
optical disc (e.g., a compact disc (“CD”) a digital versatile disc (“DVD”), a Blu-ray ™ disc, etc.),
a magneto-optical disk, a random-access memory (“RAM”) (such as the RAM 304), a DRAM, a
read only memory (“ROM?”), a storage of distributed computing systems, a memory card, or the

like (e.g., other semiconductor memory, such as, but not limited to, a non-volatile memory card,
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a solid state drive, SRAM, etc.), an optional combination thereof, a server/database, etc. may be
used to cause a processor, such as, the processor or CPU 301 of the aforementioned computer
300 to perform the steps of the methods disclosed herein. The computer-readable storage
medium may be a non-transitory computer-readable medium, and/or the computer-readable
medium may comprise all computer-readable media, with the sole exception being a transitory,
propagating signal. The computer-readable storage medium may include media that store
information for predetermined or limited or short period(s) of time and/or only in the presence of
power, such as, but not limited to Random Access Memory (RAM), register memory, processor
cache(s), etc. Embodiment(s) of the present disclosure may also be realized by a computer of a
system or apparatus that reads out and executes computer executable instructions (e.g., one or
more programs) recorded on a storage medium (which may also be referred to more fully as a
“non-transitory computer-readable storage medium”) to perform the functions of one or more of
the above-described embodiment(s) and/or that includes one or more circuits (e.g., application
specific integrated circuit (ASIC)) for performing the functions of one or more of the above-
described embodiment(s), and by a method performed by the computer of the system or
apparatus by, for example, reading out and executing the computer executable instructions from
the storage medium to perform the functions of one or more of the above-described
embodiment(s) and/or controlling the one or more circuits to perform the functions of one or
more of the above-described embodiment(s).

[0096] The above described devices, systems, and methods can be implemented by supplying
one or more computer-readable media having stored therein computer-executable instructions for
realizing the above described operations to one or more computer devices that are configured to

read the computer-executable instructions and execute them. In this case, the system or devices
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perform the operations of the above-described embodiments when executing the computer-
executable instructions. Also, an operating system on the one or more systems or devices may
implement the operations of the above described embodiments. Thus, the computer-executable
instructions or the one or more computer-readable media storing the computer-executable
instructions or the one or more computer-readable media storing the computer-executable
instructions thereon constitute an embodiment.

[0097] While the above disclosure describes certain illustrative embodiments, the present
disclosure is not limited to the above-described embodiments, and the following claims include

various modifications and equivalent arrangements within their scope.
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What is claimed is:
1. A method for processing angiography image data, the method comprising:

an importing step for importing angiography data including a plurality of angiography
image frames, the angiography data being synchronized with cardiac phase signals such that each
angiography image frame includes an associated cardiac phase signal;

a first detecting step for detecting an imaging catheter path for angiography image frames
not including contrast media in a targeted area and saving the imaging catheter path with the
associated cardiac phase signal for the angiography image frames not including contrast media in
the targeted area;

a second detecting step for detecting a vessel contour and a marker for angiography
image frames including contrast media in the targeted area and saving the vessel contour, the
marker and the associated cardiac phase signal for the angiography image frames including
contrast media in the targeted area,

a selecting step for selecting an angiography image frame from the angiography image
frames including contrast media and selecting an angiography image frame from the angiography
image frames not including contrast media having identical cardiac phase signals;

an overlaying step for overlaying the angiography image frame from the angiography
image frames including contrast media with the angiography image frame from the angiography
image frames not including contrast media to determine whether the imaging catheter path of the
angiography image frame from the angiography image frames not including contrast media is
located within the vessel contour of the angiography image frame from the angiography image

frames including contrast media; and
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a determining step for determining whether the marker associated with the angiography
image frame from the angiography image frames including contrast media is located on the
imaging catheter path of the angiography image frame from the angiography image frames not
including contrast media in response to a determination that the imaging catheter path of the
angiography image frame from the angiography image frames not including contrast media is
located within the vessel contour of the angiography image frame from the angiography image

frames including contrast media.

2. The method of claim 1, further comprising:

a storing step for storing the imaging catheter path of the angiography image frame from
the angiography image frames not including contrast media as a co-registration path on the
angiography image frame from the angiography image frames including contrast media in
response to a determination that the marker associated with the angiography image frame from
the angiography image frames including contrast media is located on the imaging catheter path
of the angiography image frame from the angiography image frames not including contrast

media.

3. The method of claim 1, wherein the selecting step, the overlaying step, the determining
step are repeated for each angiography image frame from the angiography image frames
including contrast media until a last angiography image frame from the angiography image

frames including contrast media.
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4. The method of claim 1, wherein when it is determined that the imaging catheter path of
the angiography image frame from the angiography image frames not including contrast media is
not located within the vessel contour of the angiography image frame from the angiography
image frames including contrast media, selecting another angiography image frame from the
angiography image frames not including contrast media at the identical cardiac phase signal and
repeating the overlaying step and the determining step,

in a case where no other angiography image frame from the angiography image frames
not including contrast media at the identical cardiac phase signal exists, then the selecting step,
the overlaying step and the determining step are repeated for another angiography image frame

from the angiography image frames including contrast media.

5. The method of claim 1, wherein when it is determined in the determining step that the
marker associated with the angiography image frame from the angiography image frames
including contrast media is not located on the imaging catheter path of the angiography image
frame from the angiography image frames not including contrast media, the determining step
determines whether the marker associated with the angiography image frame from the
angiography image frames including contrast media is located within a predetermined distance
from the imaging catheter path of the angiography image frame from the angiography image
frames not including contrast media,

wherein when the marker associated with the angiography image frame from the
angiography image frames including contrast media is located within the predetermined distance
from the imaging catheter path of the angiography image frame from the angiography image

frames not including contrast media, a location on the imaging catheter path of the angiography
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image frame from the angiography image frames not including contrast media that is closest to
the marker location is stored as an updated marker associated with the angiography image frame

from the angiography image frames including contrast media.

6. The method of claim 1, further comprising:

an importing step for importing intravascular imaging data including a plurality of
intravascular image frames acquired simultaneous to the angiography data;

a selecting step for selecting an angiography image frame with a co-registration path;

a determining step for determining at least two intravascular image frames from the
plurality of intravascular image frames that correspond to the selected angiography image frame
based on a timestamp;

a calculation step for calculating an intravascular image frame acquisition location on the
co-registration path based on the at least two intravascular image frames; and

a display step for displaying the angiography image frame with the co-registration path

and an indicator representing the intravascular image frame acquisition location.

7. The method of claim 1, further comprising:

applying a first filter to reduce background noise prior to detecting the imaging catheter
path for angiography image frames not including contrast media; and

applying a second filter during detection of the imaging catheter path for angiography

image frames not including contrast media.

8. The method of claim 7, wherein the first filter is a homomorphic filter and the second

filter is an edge detection filter.
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0. The method of claim 1, further comprising:

applying a first filter and a second filter to angiography image frames including contrast
media prior to the second detecting step; and

masking the angiography image frames including contrast media after applying the first

filter and the second filter.

10. The method of claim 7, further comprising:
selecting a component that contains the imaging catheter path detected; and
applying a curvature fitting function to the selected component or detected edges within

the selected component.

11. The method of claim 1, wherein in the second detecting step, one or multiple dark points
are searched for in the angiography image frames including contrast media, tracking each
searched one or multiple dark points for each angiography image frame including contrast media

and determining the radiopaque marker based on a direction determined by the tracking.

12. A non-transitory computer-readable storage medium storing a computer-readable

program for causing a computer to execute the method according to claim 1.

13. An imaging apparatus for processing angiography image data, the imaging apparatus
comprising:
a memory for storing data;

a processor coupled to the memory for executing the following steps:
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an importing step for importing angiography data including a plurality of angiography
image frames, the angiography data being synchronized with cardiac phase signals such that each
angiography image frame includes an associated cardiac phase signal;

a first detecting step for detecting an imaging catheter path for angiography image frame
not including contrast media in a targeted area and saving the imaging catheter path with the
associated cardiac phase signal for the angiography image frames not including contrast media in
the targeted area;

a second detecting step for detecting a vessel contour and a marker for angiography
image frames including contrast media in the targeted area and saving the vessel contour, the
marker and the associated cardiac phase signal for the angiography image frames including
contrast media in the targeted area,

a selecting step for selecting an angiography image frame from the angiography image
frames including contrast media and selecting an angiography image frame from the angiography
image frames not including contrast media having identical cardiac phase signals;

an overlaying step for overlaying the angiography image frame from the angiography
image frames including contrast media with the angiography image frame from the angiography
image frames not including contrast media to determine whether the imaging catheter path of the
angiography image frame from the angiography image frames not including contrast media is
located within the vessel contour of the angiography image frame from the angiography image
frames including contrast media;

a determining step for determining whether the marker associated with the angiography
image frame from the angiography image frames including contrast media is located on the

imaging catheter path of the angiography image frame from the angiography image frames not
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including contrast media in response to a determination that the imaging catheter path of the
angiography image frame from the angiography image frames not including contrast media is
located within the vessel contour of the angiography image frame from the angiography image

frames including contrast media.

14. A system for processing angiography image data, the system comprising:

an angiography imaging device for obtaining angiography data;

an intravascular imaging device for obtaining intravascular imaging data simultaneous to
the angiography data;

a memory for storing data;

a processor coupled to the memory for executing the following steps:

an importing step for importing the angiography data including a plurality of angiography
image frames, the angiography data being synchronized with cardiac phase signals such that each
angiography image frame includes an associated cardiac phase signal;

a first detecting step for detecting an imaging catheter path for angiography image frames
not including contrast media in a targeted area and saving the imaging catheter path with the
associated cardiac phase signal for the angiography image frames not including contrast media in
the targeted area;

a second detecting step for detecting a vessel contour and a marker for angiography
image frames including contrast media in the targeted area and saving the vessel contour, the
marker and the associated cardiac phase signal for the angiography image frames including

contrast media in the targeted area,
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a selecting step for selecting an angiography image frame from the angiography image
frames including contrast media and selecting an angiography image frame from the angiography
image frames not including contrast media having identical cardiac phase signals;

an overlaying step for overlaying the angiography image frame from the angiography
image frames including contrast media with the angiography image frame from the angiography
image frames not including contrast media to determine whether the imaging catheter path of the
angiography image frame from the angiography image frames not including contrast media is
located within the vessel contour of the angiography image frame from the angiography image
frames including contrast media;

a determining step for determining whether the marker associated with the angiography
image frame from the angiography image frames including contrast media is located on the
imaging catheter path of the angiography image frame from the angiography image frames not
including contrast media in response to a determination that the imaging catheter path of the
angiography image frame from the angiography image frames not including contrast media is
located within the vessel contour of the angiography image frame from the angiography image

frames including contrast media.

15. A method for performing co-registration between angiography image data and
intravascular image data, the method comprising:

an importing step for importing angiography data including a plurality of angiography
image frames acquired during a pullback of an intravascular imaging catheter including a

radiopaque marker, and for importing intravascular imaging data including a plurality of
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intravascular image frames acquired simultaneously to the angiography data, wherein the
angiography image frames includes contrast media in a targeted region;

a detecting step for detecting a marker for the angiography image frames including
contrast media in the targeted region,

a generating step for generating a path based upon the detected marker from the
angiography image frames including contrast media; and

a calculation step for calculating an acquisition location of at least one of the
intravascular image frames, in at least one of the angiography image frames, using the generated

path.

16. The method of claim 15, further comprising:

a selecting step for selecting an angiography image frame from the angiography image
frames including contrast media;

a first determining step for determining whether the generated path fits within a vessel
contour associated with the selected angiography image frame;

a second determining step for determining whether the marker associated with the
selected angiography image frame is on the generated path in response to a determination that
the generated path fits within the vessel contour associated with the selected angiography image

frame.

17. The method of claim 15, wherein in the generating step, the path is a regression line
generated based upon the detected marker, and the regression line is stored as a co-registration

path on the selected angiography image frame.
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18.  The method of claim 15, wherein the first determining step and the second determining
step are repeated for each angiography image frame from the angiography image frames
including contrast media until a last angiography image frame from the angiography image

frames including contrast media.

19. The method of claim 15, wherein when it is determined in the first determining step that
the generated path does not fit within the vessel contour associated with the selected angiography
image frame, selecting a closest angiography image frame to the selected angiography image
frame in which the generated path fits within a vessel contour associated with the closest
angiography image frame, and replacing the selected angiography image frame with the closest

angiography image frame.

20. The method of claim 15, wherein when it is determined in the second determining step
that the marker associated with the selected angiography image frame is not on the generated
path, then a location on the generated path that is closest to the marker associated with the
selected angiography image frame is stored as a new marker associated with the selected

angiography image frame.

21. The method of claim 15, further comprising:

a selecting step for selecting an angiography image frame with the generated path;

a determining step for determining at least two intravascular image frames from the
plurality of intravascular image frames that correspond to the selected angiography image frame

based on a timestamp;
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a calculation step for calculating an intravascular image frame acquisition location on the
generated path based on the at least two intravascular image frames; and
a display step for displaying the angiography image frame with the generated path and an

indicator representing the intravascular image frame acquisition location.

22. The method of claim 15, further comprising:

a determining step for determining if there is a valid angiography image frame, for co-
registration, acquired during the pullback,

wherein in the calculating step, an acquisition location of at least one of the intravascular

image frames are calculated, based on the marker detected in the valid angiography image frame.

23. The method of claim 15, further comprising:

in a case that there is no valid angiography image frame, the importing step is configured
to import a first angiography image frame, for co-registration, acquired during the pullback,

a receiving step for receiving a first user input location for designating a start location of
the pullback, and a second user input location for designating an end location, wherein the first
and the second user input location are in the first angiography image frame; and

a determining step for determining an acquisition location of at least one of the
intravascular image frames, in the first angiography image frame, based on the first user input

location and the second user input location.
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