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(7) ABSTRACT

A method for emulating prerecorded images may comprise
acquiring at least one organ timing signal reading represent-
ing an activity state of an organ with at least one organ
timing signal detector, acquiring a plurality of images with
a medical imaging system, associating each of the plurality
of images with an organ timing signal reading, removing any
of the organ timing signal readings and associated images
that are not representative of a normal organ configuration,
and outputting a sequence of the representative images for a
display.
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REPRESENTATIVE EMULATION OF ORGAN
BEHAVIOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 14/188,007, filed 24 Feb. 2014 (“the *007
application”), which is a continuation of Patent Cooperation
Treaty application No. PCT/IB2014/059120, filed 20 Feb.
2014 (“the *120 application™), which claims the benefit of
U.S. provisional patent application No. 61/768,025, filed 22
Feb. 2013 (“the *025 application™), U.S. provisional patent
application No. 61/769,613, filed 26 Feb. 2013 (“the ’613
application”), and U.S. provisional patent application No.
61/808,047, filed 3 Apr. 2013 (“the *047 application”). The
*007 application, the *120 application, the *025 application,
the 613 application, and the *047 application are all hereby
incorporated by reference in their entireties.

BACKGROUND

a. Technical Field

[0002] The present disclosure relates to medical systems
and methods for representing and/or emulating anatomies of
patient’s behavior. More particularly, the present disclosure
relates to a medical imaging system and a method for
replaying pre-acquired images (i.e., a cine-loop) taken dur-
ing imaging, for example, with a fluoroscope.

b. Background Art

[0003] During a medical procedure, it is desirable to view
the position of one or more medical devices relative to a
patient’s anatomy (i.e., organs, vasculature, etc.). One
known method for viewing the position of a medical device
is to continuously image the region of interest of the patient
with imaging radiation, e.g., real time fluoroscopy. Ongoing
real-time imaging, however, may expose the patient and/or
physician to undesirable amounts of imaging radiation.
[0004] To reduce the amount of radiation to which a
patient and physician are exposed, systems and procedures
have been developed for emulating real-time fluoroscopy by
playing a loop of pre-recorded images (referred to herein as
a “cine-loop”). In general, a physician schedules the start
and end period of an operation to capture the loop of images.
The cine-loop is then replayed in synchronization with a
timing signal (e.g., an organ timing signal), to emulate a
display of real-time images.

BRIEF SUMMARY

[0005] Devices, systems, and methods for providing and/
or outputting a cine-loop may be improved by removing
images from the cine-loop that are not representative of a
normal configuration (e.g., shape) of the organ. An embodi-
ment of a control unit for a system for displaying looped
images, such as a cine-loop, may be configured to be
coupled with a medical imaging system. The control unit
may comprise a computer-readable memory configured to
store instructions and a processor configured to execute the
instructions. By executing the instructions, the processor
may associate each of a plurality of two dimensional images
of an organ acquired from the medical imaging system with
a respective activity state of the organ, assess whether one or
more of the plurality of two dimensional images is repre-
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sentative of a normal configuration of the organ at the
respective activity state, and output, for a display, a set of
looped images that comprises each of the plurality of
two-dimensional images that is representative of the normal
configuration of the organ at the respective activity state and
excludes each of the plurality of two-dimensional images
that is not representative of the normal configuration of the
organ at the respective activity state.

[0006] An embodiment of a method for emulating prere-
corded images, such as a cine-loop, may comprise acquiring
at least one organ timing signal reading representing an
activity state of an organ with at least one organ timing
signal detector, acquiring a plurality of images with a
medical imaging system, associating each of the plurality of
images with an organ timing signal reading, removing any of
the organ timing signal readings and associated images that
are not representative of a normal organ configuration, and
outputting a sequence of the representative images for a
display.

[0007] An embodiment of a system for emulating prere-
corded images, such as a cine-loop, may comprise at least
one organ timing signal detector, a medical imaging system,
and a control unit. The organ timing signal detector may be
configured to acquire at least one organ timing signal
reading, the organ timing signal reading representing an
activity state of an organ. The medical imaging system may
be for acquiring a plurality of images. The control unit may
be coupled with the organ timing signal detector and with
the medical imaging system and may be configured to
associate each of the plurality of images with a respective
organ timing signal reading. The control unit may be further
configured to record an output of the organ timing signal
detector and to produce only representative images by
analyzing the output and removing any of the organ timing
signals readings and the associated images that do not
conform to a representative organ state, and further wherein
the control unit is configured to send only representative
images to a display system by corresponding the associated
image with the received organ timing signal reading.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 11is ablock diagram of a system for emulating
prerecorded images of a portion of a patient’s body, such as
an organ.

[0009] FIG. 2 is a diagrammatic view of an embodiment
of a medical device laboratory including an exemplary
fluoroscopic imaging system and an exemplary magnetic
field-based positioning system.

[0010] FIG. 3 is a schematic and block diagram view of
the magnetic field-based positioning system of FIG. 2.
[0011] FIG. 4 is a flow chart illustrating an exemplary
method of emulating prerecorded images of an organ.
[0012] FIG. 5 is a plot of an electrocardiogram (ECG) in
sinus mode or rhythm.

[0013] FIG. 6 depicts an ECG plot including a premature
ventricular contraction (PVC) episode.

[0014] FIG. 7 depicts a plot of various data including PVC
episodes during a cine capture.

[0015] FIG. 8 depicts a plot of respiration, organ state, and
ECG data during a cine capture and highlighting two areas
which may be used to remove correlating images from an
image set.

[0016] FIG. 9 is a flow chart illustrating an exemplary
method of producing a cine-loop of an organ.
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DETAILED DESCRIPTION

[0017] Various embodiments are described herein to vari-
ous apparatuses, systems, and/or methods. Numerous spe-
cific details are set forth to provide a thorough understanding
of the overall structure, function, manufacture, and use of
the embodiments as described in the specification and illus-
trated in the accompanying drawings. It will be understood
by those skilled in the art, however, that the embodiments
may be practiced without such specific details. In other
instances, well-known operations, components, and ele-
ments have not been described in detail so as not to obscure
the embodiments described in the specification. Those of
ordinary skill in the art will understand that the embodi-
ments described and illustrated herein are non-limiting
examples, and thus it can be appreciated that the specific
structural and functional details disclosed herein may be
representative and do not necessarily limit the scope of the
embodiments, the scope of which is defined solely by the
appended claims.

[0018] Reference throughout the specification to “various
embodiments,” “some embodiments,” “one embodiment,”
or “an embodiment,” or the like, means that a particular
feature, structure, or characteristic described in connection
with the embodiment is included in at least one embodiment.
Thus, appearances of the phrases “in various embodiments,”
“in some embodiments,” “in one embodiment,” or “in an
embodiment,” or the like, in places throughout the specifi-
cation are not necessarily all referring to the same embodi-
ment. Furthermore, the particular features, structures, or
characteristics may be combined in any suitable manner in
one or more embodiments. Thus, the particular features,
structures, or characteristics illustrated or described in con-
nection with one embodiment may be combined, in whole or
in part, with the features structures, or characteristics of one
or more other embodiments without limitation given that
such combination is not illogical or non-functional.

[0019] TItwill be appreciated that the terms “proximal” and
“distal” may be used throughout the specification with
reference to a clinician manipulating one end of an instru-
ment used to treat a patient. The term “proximal” refers to
the portion of the instrument closest to the clinician and the
term “distal” refers to the portion located furthest from the
clinician. It will be further appreciated that for conciseness
and clarity, spatial terms such as “vertical,” “horizontal,”
“up,” and “down” may be used herein with respect to the
illustrated embodiments. However, surgical instruments
may be used in many orientations and positions, and these
terms are not intended to be limiting and absolute.

[0020] Referring now to the figures, in which like refer-
ence numerals refer to the same or similar elements in the
various views, FIG. 1 is a block diagram view of a system
10 for emulating prerecorded images of a portion of a
patient’s body, such as an organ, such as the heart. The
system 10 may include a control unit 12, a medical imaging
system 14, a display 16, a medical device positioning,
mapping, and navigation system (which may be referred to
herein simply as an MPS) 18, and an organ timing signal
system, such as an electrocardiogram (ECG) system 20.
[0021] The medical imaging system 14 may comprise, in
an embodiment, a fluoroscopy system. The medical imaging
system 14 will be described herein with reference to an
embodiment in which the medical imaging system is a
fluoroscopy system, but the system 10 is not so limited. In
embodiments, the medical imaging system 14 may be or
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may include a fluoroscopy system and/or other imaging
modalities including, but not limited to, computed tomog-
raphy (CT), magnetic resonance imaging (MRI), ultrasound,
and other known medical imaging modalities.

[0022] The MPS 18 may be provided for visualization,
navigation, and/or mapping of internal body structures. The
MPS 18 may comprise a magnetic field based localization
system such as that based on the MediGuide™ Technology
available from St. Jude Medical, Inc. (e.g., as exemplified by
U.S. patent application Ser. No. 09/782,528 (issued as U.S.
Pat. No. 7,386,339); U.S. patent application Ser. No. 10/873,
409 (issued as U.S. Pat. No. 7,197,354) and U.S. patent
application Ser. No. 09/314,474 (issued as U.S. Pat. No.
6,233.476), all of which are hereby incorporated by refer-
ence in their entireties as though fully set forth herein), the
Carto™ visualization and location system available from
Biosense Webster, Inc., (e.g., as exemplified by U.S. patent
application Ser. No. 08/793,371 (issued as U.S. Pat. No.
6,690.963), hereby incorporated by reference in its entirety
as though fully set forth herein), or the Aurora™ system
available from Northern Digital Inc. In an embodiment, the
MPS 18 may comprise an electrical-impedance based sys-
tem, such as an EnSite™ Velocity™ gsystem running a
version of EnSite™ NavX™ software commercially avail-
able from St. Jude Medical, Inc., and as also seen generally
by reference to U.S. patent application Ser. No. 10/819,027
(issued as U.S. Pat. No. 7,263,397), hereby incorporated by
reference in its entirety as though fully set forth herein. In an
embodiment, the MPS 18 may comprise a hybrid magnetic
field-impedance based system, such as that shown in U.S.
patent application Ser. No. 13/231,284 (published as United
States patent application publication No. 2013/0066193),
which is hereby incorporated by reference in its entirety as
though fully set forth herein, or the Carto™ 3 visualization
and location system available from Biosense Webster, Inc.
(e.g., as exemplified by U.S. patent application Ser. No.
12/425,778 (issued as U.S. Pat. No. 7,848,789), which is
hereby incorporated by reference in its entirety as though
fully set forth herein). Some embodiments of an MPS 18
may include a sensor for producing signals indicative of
catheter location and/or distal portion orientation informa-
tion, and can include, for example, one or more electrodes
in the case of an impedance-based localization system such
as the EnSite™ Velocity™ system running EnSite™
NavX™ software, which electrodes can already exist in
some instances, or alternatively, one or more coils (i.e., wire
windings) configured to detect one or more characteristics of
a low-strength magnetic field, for example, in the case of a
magnetic-field based localization system such as one includ-
ing the MediGuide™ Technology described above.

[0023] For ease of description, the remainder of this
disclosure will be with respect to an embodiment in which
the MPS 18 is a magnetic-field based system, but the
systems, methods, and techniques discussed herein are not
so limited. Instead, the systems, methods, and techniques
discussed herein may also find application with another type
of MPS 18, including, but not limited to, those systems and
types of systems noted above.

[0024] The ECG system 20 may be provided for obtaining
and recording an electrocardiogram (i.e., an organ timing
signal respective of the heart of a patient). The ECG system
20 may include a number of electrodes placed on the
patient’s body and a monitor or other controller, as known
in the art.
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[0025] In embodiments, instead of or in addition to the
ECG system 20, the system 10 may include another type of
organ timing signal detector. For example, the system 10
may include one or more electrodes disposed within the
heart and configured to capture a heart timing signal from
within the heart, a detector configured to detect a respiratory
signal (i.e., an organ timing signal respective of the lungs)
and/or an organ timing signal respective of another organ.
Furthermore, for ease of description, although the remainder
of the disclosure will refer to an embodiment in which the
relevant organ is the heart, it should be understood that an
organ of interest (e.g., the subject of a medical procedure,
one or more images, organ timing signal, etc.) may be a heart
and/or another organ or portion of a patient’s body.

[0026] The control unit 12 may include a non-volatile
computer-readable memory 22 and a processor 24. The
memory 22 may be configured to store instructions and the
processor 24 may be configured to execute those instructions
to perform one or more functions and methods described
herein.

[0027] The control unit 12 may be configured to receive
images collected by the medical imaging system 14, an ECG
from the ECG system 20 and/or another organ timing signal,
and position and orientation information from the MPS 18.
The control unit 12 may be configured to, among other
things, associate images collected with the medical imaging
system 14 with ECG data and with position and orientation
information. In an embodiment, the control unit 12 may be
configured to associate each image collected with the medi-
cal imaging system 14 with an activity state of the heart
(e.g., with a portion of a cardiac cycle according to an ECG)
and with a position and orientation of the medical imaging
system 14. The control unit 12 may use the images to
construct a loop of recorded images of the heart (i.e., a
cine-loop), that may be played on the display 16 during a
medical procedure to replace or supplement real-time imag-
ing with the medical imaging system 14 or another imaging
modality or system. The control unit 12 may be further
configured to direct or guide collection of images for a
cine-loop, as described below.

[0028] FIG. 2 is a diagrammatic view of an embodiment
of a medical device laboratory including an embodiment of
the medical imaging system 14 (shown as a fluoroscopic
imaging system) and an embodiment of the MPS 18.
[0029] Theimaging system 14 may include a C-arm 26, an
imaging radiation transmitter 28, and an imaging radiation
detector 30. The C-arm 26 may be rotated and/or translated
and radiation (i.e., X-ray) may be transmitted from the
imaging radiation transmitter 28 to the imaging radiation
detector 30 to image an area of interest of a the body of a
patient. In an embodiment, the area of interest may be or
may include the heart and/or another organ of the patient.
The imaging system 14 may provide images to a control umt
(e.g., the control unit 12 shown in FIG. 1) for further
processing.

[0030] With continued reference to FIG. 2, the MPS 18
may include a magnetic transmitter assembly (MTA) 32 and
a magnetic processing core 34 for determining position and
orientation (P&O) readings. In an embodiment, the process-
ing core 34 may be or may be a part of the control unit 12
of FIG. 1. The MTA 32 may be configured to generate one
or more magnetic fields in and around a volume of interest,
such as the patient’s chest cavity, in a predefined three-
dimensional space designated as volume of interest 36 in
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FIG. 2. Magnetic field sensors coupled with a medical
device may be configured to sense one or more charactet-
istics of the magnetic field(s) and, when the sensors are in
the volume of interest 36, may each generate a respective
signal that is provided to the magnetic processing core 34.
The processing core 34 may be responsive to these detected
signals and may calculate respective three-dimensional posi-
tion and orientation (P&O) readings for each magnetic field
sensor in the volume of interest 36. Thus, the MPS 18 may
enable real-time tracking of each magnetic field sensor in
three-dimensional space. The position of the sensors may be
shown on the display 16 relative to, for example only, a
cine-loop, real-time images obtained from the medical imag-
ing system 14, or a model of the heart or other features of
the volume of interest.

[0031] FIG. 3 is a schematic and block diagram view of
the MPS 18. The MPS 18 may include a location and
orientation processor 40, a transmitter interface 42, a plu-
rality of look-up table units 44,, 44,, 44, a plurality of
digital to analog converters (DAC) 46, 46, 46, an ampli-
fier 48, a transmitter (marked “TX” in FIG. 3) 50, a plurality
of MPS sensors (each marked “RX” in FIG. 3) 52,, 52,, 52,,
52, a plurality of analog to digital converters (ADC) 54,
54,, 54,, 54,, and a sensor interface 56.

[0032] The MPS 18 is configured to acquire positioning
(localization) data (i.e., position and orientation-P&O) of the
MPS sensors 52,, 52,, 525, 52,,. For some sensors, the P&O
may be expressed with five degrees of freedom as a position
(i.e., a coordinate in three axes X, Y and 7) and orientation
(i.e., an azimuth and elevation) of the respective sensor 52,
52,, 52,, 52,, in a magnetic field relative to the magnetic
field transmitter 50. For other sensors 52, 52,, 525, 52, the
P&O may be expressed with six degrees of freedom as a
position (X, Y, and 7) and orientation (i.e., roll, pitch, and
yaw). The P&O may be based on capturing and processing
the signals received from a sensor 52,, 52,, 52, 52, while
in the presence of a controlled low-strength AC magnetic
field. Accordingly, the sensors 52, 52, 52,, 52, may each
comprise one or more magnetic field detection coil(s), and
it should be understood that variations as to the number of
coils, their geometries, spatial relationships, the existence or
absence of cores and the like are possible. From an electro-
magnetic perspective, voltage is induced on a coil residing
in a changing magnetic field, as contemplated here. The
sensors 52, 52,, 52,, 52, are thus configured to detect one
or more characteristics of the magnetic field(s) in which they
are disposed and generate an indicative signal, which is
further processed to obtain the P&O thereof. For one
example of a sensor, see U.S. patent application Ser. No.
10/873,409 (issued as U.S. Pat. No. 7,197,354), which is
hereby incorporated by reference in its entirety.

[0033] The transmitter interface 42, DAC units 46,, 46,,
46, and transmitter 50 are provided to create the controlled
low-strength AC magnetic field. The MPS sensors 52,, 52,,
525,52, ADC units 54,, 54,, 545, 54,, and sensor interface
56 are provided to create signals indicative of characteristics
of the field for P&O determination. The transmitter interface
42 is connected to the location and orientation processor 40
and to the look-up table units 44,, 44,, 44;. The DAC units
46,, 46,, 46, are connected to a respective ones of the
look-up table units 44, 44,, 44, and to the amplifier 48,
which is further connected to the transmitter 50. The trans-
mitter 50 may be coupled to a portion of the operating
environment (e.g., to an imaging apparatus, such as a C-arm
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26, as shown in FIG. 2, or to a patient bed). The analog to
digital converters (ADC) 54, 54,, 54, 54, are respectively
connected to the sensors 52, 52,, 52,, 52, and to the sensor
interface 56, which is further connected to location and
orientation processor 40.

[0034] Each of the look-up table units 44, 44, 44, may
produce a cyclic sequence of numbers and provide it to a
respective DAC unit 46,, 46,, 46,, which in turn may
translate the respective sequence to a respective analog
signal. Each of the analog signals may be respective of a
different spatial axis. In the present example, a first look-up
table 44, and DAC unit 46, produce a signal for the X axis,
a second look-up table 44, and DAC unit 46, produce a
signal for the Y axis, and a third look-up table 44, and DAC
unit 46, may produce a signal for the 7 axis.

[0035] The DAC units 46,, 46,, 46, provide their respec-
tive analog signals to the amplifier, which amplifies and
provides the amplified signals to the transmitter. The trans-
mitter may provide a multiple axis electromagnetic field,
which can be detected by the MPS sensors 52,, 52,, 52,
52,. Each of the MPS sensors 52,, 52,, 52, 52,, may be
configured to detect an electromagnetic field, produce a
respective electrical analog signal, and provide the analog
signal to a respective ADC unit 54,, 54,, 545, 54, Each of
the ADC units 54,, 54,, 54,, 54,, may digitize the analog
signal fed thereto, convert it to a sequence of numbers, and
provide the sequence to the sensor interface 56, which in
turn may provide it to the location and orientation processor
40. The location and orientation processor 40 may analyze
the received sequences of numbers, thereby determining the
location and orientation of each of the MPS sensors 52, 52,,
52, 52, The location and orientation processor 40 may
further determine distortion events and update the look-up
tables 44,, 44,, 44, accordingly. Referring to FIGS. 1-3, the
functionality and/or hardware of the location and orientation
processor 40, the magnetic processing core 34, and/or in the
control unit 12 may be combined in a single apparatus, or
may be distributed among several apparatus.

[0036] The MPS 18 may compensate for respiration-
induced and other patient body motion, substantially as
described in U.S. patent application Ser. No. 12/650,932
(published as United States patent application publication
2011/0158488), which is hereby incorporated by reference
in its entirety. One of MPS sensors 52, 52, 52, 52,, may
be a patient reference sensor (PRS) configured to provide a
stable positional reference on the patient’s body for such
motion compensation. The PRS may be attached to the
patient’s manubrium sternum or another location.

[0037] Referring again to FIG. 1, the system 10 may find
use in developing and outputting a cine-loop for viewing on
the display 16 by a physician during a medical procedure. A
“good” cine-loop may include an accurate representation of
the anatomy of interest throughout the cine-loop. Thus, a
“good” cine-loop may show an image that is close to a
snapshot of the anatomy as it will be in the near future or was
in the near past. The geometry of many organs, such as the
heart, changes over the course of time due to various
physiological reasons. For the heart, for example, heart
contraction and respiration both cause position and shape
changes in the heart over time, impacting how the heart
should and/or does appear in an image. A “bad” cine-loop
replay may show an atypical image that is not representative
of an actual snapshot of the near present.
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[0038] A challenge in developing a cine-loop is to gener-
ate one that is representative of the entire medical procedure,
so when played, it will resemble the actual movement of the
organ at all stages of the medical procedure. One way of
accomplishing this goal is by producing a cine-loop that
represents a normal or ideal sequence. If a recorded image
includes an atypical event, that image may be removed (i.e.,
set aside or cropped) from the cine-loop, as detailed in the
methods below.

[0039] FIG. 4 is a flow chart illustrating a method 60 for
emulating prerecorded images, such as images of an organ.
The emulated images may take the form of a cine-loop, as
described below. The following description of the method 60
will be with reference to an embodiment in which the organ
of interest is a heart, but it should be understood that the
method 60 may also find use with organs in addition to or
other than the heart, in embodiments.

[0040] The emulation method 60 may begin with a step 62
of acquiring a plurality of images with a medical imaging
system and a step 64 of acquiring organ timing signal
readings, each representing an activity state of the organ,
with an organ timing signal detector. In embodiments, the
organ timing signal detector may be an ECG system 20, the
organ timing signal readings may be portions of an ECG,
and the medical imaging system 14 may be a fluoroscopy
system, as shown in and described with respect to FIGS. 1
and 2.

[0041] The acquired images may be collected at a plurality
of different activity states of the heart (i.e., portions of a
cardiac cycle). Accordingly, the method 60 may include an
associating step 66 that involves associating each image
with one of the acquired organ timing signal readings (i.e.,
with an activity state of the heart according to a respective
portion of the acquired ECG, as well as with the specific
reading or portion of the organ timing signal).

[0042] In an embodiment, the associating step 66 may
further include associating each image with an anatomy
configuration type (i.e., patient body position) and/or system
accuracy grade (i.e., an ability of the system to overlay or
superimpose a representation of a medical device on the
captured image). System accuracy grade may be affected by,
for example only, sensor fault, unexpected patient move-
ment, unexpected imaging system movement, and other
factors influencing the quality of an image or the similarity
of an image frame to other images.

[0043] The method 60 may also include an analysis step
68 that involves analyzing or assessing each associated
image and organ timing signal reading to determine if the
image is representative of a normal configuration of the
organ at the activity state. An image may be non-represen-
tative if, for example, it was captured when the organ had an
atypical shape and/or position for the activity state based on
the organ timing signal. For example, non-representative
images of a heart may be due to premature ventricular
contraction (PVC), ventricular tachycardia, paroxysmal
supra-ventricular tachycardia, and other arrhythmia.

[0044] The analysis step 68 may comprise, for each
acquired image, analyzing the organ timing signal reading
(e.g., ECG portion) associated with that image. The organ
timing signal reading may include indications of atypical
activity of the organ (e.g., arrhythmia of the heart), and the
analysis step may include processing the organ timing signal
reading to check for such features.
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[0045] FIGS. 5-8 illustrate plots of various organ timing
signals that may be processed and analyzed to determine if
images associated with portions of those organ timing sig-
nals are representative of a normal configuration of an organ.
FIG. 5 is a plot of an electrocardiogram (ECG) 70 in sinus
mode or rhythm. FIG. 6 depicts an ECG plot 72 including a
premature ventricular contraction (PVC) episode 74,. FIG.
7 depicts a plot of an organ timing signal 76, including PVC
episodes 74,, 74,. FIG. 8 depicts a plot of respiration 78,
organ state 80, and ECG data 82 during a cine capture and
highlighting two areas 84, 86 which may be used to remove
correlating images from an image set.

[0046] Referring to FIGS. 4-8, the analysis step 68 may
include analyzing portions/readings of one or more organ
timing signals 70, 72, 76, 78, 80, 82 to determine if the
signals 70, 72, 76, 78, 80, 82 include indications of atypical
organ configuration. Such indications include, but are not
limited to, the signal portions 74,, 74,, 74, related to PVC
episodes indicated in the organ timing signals 72, 76 in
FIGS. 5 and 6 and the signal abnormalities of areas 84, 86
in FIGS. 7 and 8, which may be found by analyzing various
aspects of the organ timing signals 70, 72, 76, 78, 80, 82. For
example, but without limitation, the morphology (e.g.,
amplitude, edge sharpness, slope, etc.), energy, and/or other
characteristics of an organ timing signal 70, 72, 76, 78, 80,
82 may be compared to normal or ideal signals (i.e., the
organ timing signal portion or organ timing signal reading
associated with an image may be compared to a normal or
ideal signal portion or reading for the organ timing state with
which the image and signal portion or reading are associ-
ated). In an embodiment in which an ECG 70, 72, 82 is used
as an organ timing signal, the comparison may be made to
a normal or ideal QRS shape (i.e., or a portion of a normal
or ideal QRS shape). If an organ timing signal portion or
reading is sufficiently similar to the normal or ideal, then the
image associated with that organ timing signal or portion
may be considered representative of the normal organ con-
figuration for the organ activity state with which the image
and signal portion or reading are associated. If an organ
timing signal or portion may be considered representative of
some non-normal or non-ideal configuration (such as, for
example, as a result of arrhythmia), the image associated
with that organ timing signal or portion may be considered
non-representative of the normal organ configuration, and
may instead be considered representative of an abnormal
configuration.

[0047] After each image is analyzed or assessed at the
analysis step, non-representative images and organ timing
signal readings associated with those images may be
removed at a removing step 84. At a production step 86,
representative images may be used to produce a cine-loop,
substantially as described in U.S. patent application Ser. No.
09/782,528 (issued as U.S. Pat. No. 7,386,339), U.S. appli-
cation Ser. No. 11/841,451 (issued as U.S. Pat. No. 7,697,
973), U.S. application Ser. No. 11/233,420 (published as
United States patent application publication No. 2006/
0058647), U.S. application Ser. No. 12/941,514 (published
as United States patent application publication No. 2011/
0054308), U.S. application Ser. No. 11/233,948 (issued as
U.S. Pat. No. 7,840,252), U.S. application Ser. No. 11/815,
154 (published as United States patent application publica-
tion No. 2008/0319312), U.S. application Ser. No. 13/339,
588, and international application No. PCT/IB2011/055954
(published as international publication No. WO 2012/
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090148), all of which are hereby incorporated by reference
as though fully set forth herein. As detailed in the above-
incorporated references, the cine-loop may include a series
of images, based on or including the representative images,
arranged in sequence to emulate the appearance of the organ
over the course of one or more cyclic periods (e.g., a heart
over one or more cardiac cycles).

[0048] The method 60 may further include an output step
88 that involves outputting the cine-loop for a display. The
cine-loop may be displayed, as detailed in the above-
incorporated references, as a continuous loop of the same set
of images, output and displayed in synchronization with a
real-time organ timing signal. Accordingly, a cine-loop
based on the representative images may be repeatedly
shown, with a representation of a medical device superim-
posed on the images, in an embodiment. Portions of the
cine-loop displaying an emulation of the organ during a
given portion of an organ timing signal may be based on the
images associated with that portion of the organ timing
signal.

[0049] In summary, the method 60 generally includes
steps for acquiring a plurality of images of an organ (e.g., a
heart), removing those images determined to be non-repre-
sentative of an expected configuration (e.g., shape and/or
position) of the organ, and creating and outputting a cine-
loop based only on representative images. The method 60
may improve on known systems and methods by not basing
the cine-loop on images collected at a time when the organ
has a non-representative configuration. Accordingly, a cine-
loop produced and output according to the method 60 may
be more accurate than cine-loops produced and output
according to known methods.

[0050] Referring to FIGS. 1 and 4, the control unit 12 may
be configured to perform one or more steps and/or portions
of steps of the method 60. That is, the memory 22 may
include instructions such that, when executed by the pro-
cessor 24, the control unit 12 performs one or more steps
and/or portions of steps of the method 60.

[0051] The control unit 12 may also be configured to
direct (i.e., perform one or more steps of a method for) the
collection of images for the creation or production of a
cine-loop. FIG. 9 is a flow chart illustrating exemplary steps
of such a method 90. Referring to FIGS. 1 and 9, the method
90 may include an image capture step 92 that includes
capturing an image with, for example, the medical imaging
system 14. The image may be captured responsive to a
physician’s press of a foot pedal, for example. The image
may also be captured as part of an automated process (e.g,,
directed by the control unit).

[0052] At an association step 94, the captured image may
be associated with an organ activity state. The organ activity
state may be determined according to an organ timing signal,
such as an ECG from the ECG system 20. The association
step 94 may further include associating the captured image
with an organ timing signal portion or reading, such as a
portion of reading of an ECG from the ECG system 20.
[0053] A comparison step 96 may involve comparing the
image, or data associated with the image, to a normal
configuration of the organ for the activity state with which
the image is associated. The comparison step 96 may
include, in an embodiment, comparing the organ timing
signal portion or reading to a normal or ideal organ timing
signal portion or reading. This comparison may include, in
embodiments, analyzing the morphology, energy, and/or
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other characteristics of the organ timing signal portion or
reading and comparing it with the morphology, energy,
and/or other characteristics of a normal or ideal organ timing
signal portion or reading,

[0054] The comparison step 96 may be performed in
conjunction with a first query step 98, in which it is
determined whether the image is representative of the organ
configuration expected at the activity state with which the
image is associated. If the image is representative (e.g.,
based on a comparison of an organ timing signal portion or
reading with an expected or ideal organ timing signal portion
or reading, as described above), the image may be added to
an image set at an image addition step 100. If not, the image
may be removed at a removing step 102. The removing step
may involve, in an embodiment, setting aside the removed
image for use in a non-representative cine-loop or other
purpose. For example, as noted above, an image may be
representative of abnormal behavior, and may be used for a
cine-loop illustrating that abnormal configuration.

[0055] After the addition and removing steps 100, 102, at
a second query step 104, it may be determined if the image
set includes suflicient images to represent the organ in every
activity state of the organ. In an embodiment of the method
in which the organ of interest is the heart, the second query
step 104 may involve determining if the image set includes
sufficient images to represent the heart throughout a cardiac
cycle—i.e., sufficient images for a cine-loop of the heart for
a cardiac cycle.

[0056] If there are not sufficient images, the capture step
92, associate step 94, comparison step 94, and first query,
addition, and removing steps 98, 100, 102 may be repeated
as many times as are necessary to have suflicient represen-
tative images. If there are sufficient images, a notification
step 106 may be performed that includes outputting a
notification that sufficient images have been collected. The
notification may be visual, audible, and/or some other
known output means. The notification may notify a physi-
cian, in an embodiment, that a foot pedal used to capture
images with the medical imaging system may be released. In
another embodiment, the notification step 106 may further
include automatically disabling image capture.

[0057] The method 90 may further include a production
step 108 that involves producing a cine-loop based on the
images that are determined to be representative (i.e., the
images added to the image set in the addition step). As noted
above, the cine-loop may be produced according to known
methods described in one or more of in U.S. patent appli-
cation Ser. Nos. 09/782,528 (issued as U.S. Pat. No. 7,386,
339), U.S. application Ser. No. 11/841,451 (issued as U.S.
Pat. No. 7,697,973), U.S. application Ser. No. 11/233,420
(published as United States patent application publication
No. 2006/0058647), U.S. application Ser. No. 12/941,514
(published as United States patent application publication
No. 2011/0054308), U.S. application Ser. No. 11/233,948
(issued as U.S. Pat. No. 7,840,252), U.S. application Ser.
No. 11/815,154 (published as United States patent applica-
tion publication No. 2008/0319312), U.S. application Ser.
No. 13/339,588, and international application No. PCT/
1B2011/055954 (published as international publication No.
WO 2012/090143).

[0058] The method 90 may improve upon known proce-
dures by minimizing the amount of images captured for the
development of a cine-loop, which may minimize imaging
radiation exposure for both a patient and a physician.
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[0059] Although a number of embodiments have been
described above with a certain degree of particularity, those
skilled in the art could make numerous alterations to the
disclosed embodiments without departing from the sprit or
scope of this disclosure. For example, all joinder referenced
(e.g., attached, coupled, connected, and the like) are to be
construed broadly and may include intermediate members
between a connection of elements and relative movement
between elements. As such, joined references do not neces-
sarily infer that two elements are directly connected and in
fixed relation to each other. It is intended that all matter
contained in the above description or shown in the accom-
panying drawings shall be interpreted as illustrative only and
not limiting. Changes in detail or structure may be made
without departing from the spirit of the invention as defined
in the appended claims.

[0060] Any patent, publication, or other disclosure mate-
rial, in whole or in part, that is said to be incorporated by
referenced herein is incorporated herein only to the extent
that the incorporated materials does not conflict with exist-
ing definitions, statements, or other disclosure material set
forth in this disclosure. As such, and to the extent necessary,
the disclosure as explicitly set forth herein supersedes any
conflicting material incorporated herein by reference. Any
material, or portion thereof, that is said to be incorporated by
reference herein, but which conflicts with existing defini-
tions, statements, or other disclosure material set forth
herein will only be incorporated to the extent that no conflict
arises between that incorporated material and the existing
disclosure material.

1.-21. (canceled)

22. A control unit for a system for displaying looped
images, the control unit configured to be coupled with a
medical imaging system, the control unit comprising;

a computer-readable memory configured to store instruc-

tions; and

a processor configured to execute the instructions to:

associate each of a plurality of two dimensional images
of an organ acquired from the medical imaging
system with a respective organ timing signal portion,
wherein each respective organ timing signal portion
represents an activity state of the organ;

determine one or more characteristics of each respec-
tive organ timing signal portion;

assess one or more of the characteristics to determine
whether one or more of the plurality of two dimen-
sional images is representative of a normal configu-
ration of the organ at the respective activity state; and

output, for a display, a set of looped images that
comprises each of the plurality of two-dimensional
images that is representative of the normal configu-
ration of the organ at the respective activity state and
excludes each of the plurality of two-dimensional
images that is not representative of the normal con-
figuration of the organ at the respective activity state.

23. The control unit of claim 22, wherein the organ timing
signal portion comprises at least a portion of an electrocar-
diogram or a respiratory signal.

24. The control unit of claim 22, wherein the activity state
of the organ comprises at least a portion of a cycle of the
organ.

25. The control unit of ¢laim 22, wherein the one or more
characteristics comprises a morphology or an energy of each
respective organ timing signal portion.
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26. The control unit of claim 25, wherein the morphology
comptises one or more of an amplitude, an edge sharpness,
and a slope of each respective organ timing signal portion.

27. The control unit of claim 22, wherein the organ is a
heart, and a two-dimensional image of the plurality of
two-dimensional images that is not representative of the
normal configuration of the organ at the respective activity
state is indicative of at least one of:

premature ventricular contraction;

ventricular tachycardia;

paroxysmal supra-ventricular tachycardia; and

another heart arrhythmia.

28. The control unit of claim 22, wherein the organ is a
heart, and the normal configuration of the heart at each
respective activity state is associated with a normal cardiac
rhythm.

29. The control unit of claim 22, wherein the control unit
is further configured to be coupled with an organ timing
signal detector and the processor is configured to execute the
instructions to further:

output the set of looped images substantially in synchro-

nization with a real-time organ timing signal obtained
from the organ timing signal detector.

30. The control unit of claim 22, wherein the organ timing
signal portion comprises at least a portion of an electrocar-
diogram, and wherein the processor is configured to assess
one or more of the characteristics of the electrocardiogram
portion by comparing the electrocardiogram portion to a
normal or ideal QRS shape.

31. A method for emulating prerecorded images compris-
ing:

acquiring at least one organ timing signal reading repre-

senting an activity state of an organ with at least one
organ timing signal detector;

acquiring a plurality of images with a medical imaging

system;

associating each of the plurality of images with an organ

timing signal reading;

determining a respective characteristic for each organ

timing signal reading;

assessing one or more of the respective characteristics to

determine whether one or more of the plurality of
images is representative of a normal configuration of
the organ at the respective activity state;

removing any of the organ timing signal readings and

associated images that are not representative of the
normal organ configuration; and

outputting a sequence of the representative images for a

display.

32. The method of claim 31, wherein the at least one organ
timing signal reading is an electrocardiogram or a respira-
tory signal.

33. The method of claim 31, wherein the activity state of
the organ comprises at least a portion of a cycle of the organ.

34. The method of claim 31, wherein the respective
characteristic comprises a morphology or an energy of each
organ timing signal reading.

35. The method of claim 34, wherein the morphology
comprises one or more of an amplitude, an edge sharpness,
and a slope of each respective organ timing signal reading.
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36. The method of claim 31, wherein the removing step is
in accordance with a QRS shape of the organ timing signal
reading.

37. A system for emulating prerecorded images, compris-
ing:

at least one organ timing signal detector configured to

acquire at least one organ timing signal reading, said
organ timing signal reading representing an activity
state of an organ;

a medical imaging system for acquiring a plurality of

images; and

a control unit, coupled with the organ timing signal

detector and with the medical imaging system, wherein

the control unit is configured to:

associate each of the plurality of images with a respec-
tive organ timing signal reading;

determine a respective characteristic for each organ
timing signal reading;

assess one or more of the respective characteristics to
determine whether one or more of the plurality of
images is representative of a normal configuration of
the organ at the respective activity state;

produce only representative images by analyzing the at
least one organ timing signal reading and removing
any of the organ timing signals readings and the
associated images that do not conform to a repre-
sentative organ state; and

send only representative images to a display system by
corresponding the associated images with the con-
forming organ timing signal readings.

38. The system of claim 37, wherein the medical imaging
system comprises a fluoroscope.

39. The system of claim 37, wherein the organ timing
signal reading comprises at least a portion of an electrocar-
diogram or a respiratory signal.

40. The system of claim 37, wherein the activity state of
the organ comprises at least a portion of a cycle of the organ.

41. The system of claim 37, wherein the characteristic
comprises a morphology or an energy of each respective
organ timing signal reading.

42. The system of claim 41, wherein the morphology
comprises one or more of an amplitude, an edge sharpness,
and a slope of each respective organ timing signal portion.

43. The system of claim 37, wherein the control unit is
further configured to direct a process of acquiring the
plurality of images by providing an indication of whether a
sufficient number of images has been collected to represent
the organ over a complete cycle of the organ timing signal.

44. The system of claim 37, wherein the control unit is
further configured to superimpose a representation of a
medical device on the representative images.

45. The system of claim 37, wherein the control unit is
further configured to send the representative images to be
displayed in a continuous loop.

46. The system of claim 45, wherein the loop is synchro-
nized with the organ timing signal readings in real time.
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