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(57) Abstract: An imaging system includes an imaging unit, a display unit, and at least one processor. The at least one processor is
configured to acquire a first type of diagnostic imaging information of the patient; reconstruct a first image using the first type of dia-
gnostic imaging information; if a first stop criterion for terminating imaging is not satisfied, acquire a second type of diagnostic ima-
ging information having an increased level of acquisitional burden; reconstruct a second image; if a second stop criterion for termin -
ating imaging is not satisfied, acquire a third type of diagnostic imaging information having an increased level of acquisitional bur -
den, wherein the patient is maintained on a table of the imaging unit during the acquisition of the second type of diagnostic imaging
information, reconstruction of the second image, and acquisition of the third type of diagnostic imaging information; reconstruct a
third image; and display the third image.
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SYSTEMS AND METHODS FOR PROGRESSIVE
IMAGING

BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates generally to systems and
methods for imaging, such as computed tomography (CT) imaging, for example to

systems and methods for progressive and/or value-based imaging.

[0002] Medical imaging may be used to help perform a diagnosis. Certain types
of imaging may be completed relatively quickly and/or with relatively low dosage, but
provide a relatively lower level of detail, while other types of imaging may be completed
more slowly and/or with relatively high dosage, but provide a relatively higher level of
detail. In some instances, it may not be known which type of imaging will provide the
required level of detail for an accurate diagnosis. Conventionally, in such situations, a
physician may order numerous different scans of different levels of detail to be
performed, and analyze the results of each scan in attempting to make a diagnosis.
However, such performance of a number of scans may result in unnecessary time and/or

dosage spent performing scans that were not required for an accurate diagnosis.
BRIEF DESCRIPTION OF THE INVENTION

[0003] In one embodiment, an imaging system for progressively imaging a
patient during a single patient visit is provided that includes an imaging unit of a first
imaging modality, a display unit, and at least one processor. The at least one processor is
operably coupled to the imaging unit and the display unit, and is configured to acquire a
first type of diagnostic imaging information of the patient from the first imaging modality
with the imaging unit. The at least one processor is also configured to reconstruct a first
image using the first type of diagnostic imaging information and to display, via the
display unit, the first image. If a first stop criterion for terminating imaging is not
satisfied, the at least one processor is configured to acquire a second type of diagnostic
imaging information of the first imaging modality with the imaging unit. The second

type of diagnostic imaging information has an increased level of acquisitional burden
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relative to the first type of diagnostic imaging information. The at least one processor is
further configured to reconstruct a second image using the second type of diagnostic
imaging information, and to display, via the display unit, the second image. If a second
stop criterion for terminating imaging is not satisfied, the at least one processor is
configured to acquire a third type of diagnostic imaging information of the first imaging
modality with the imaging unit. The third type of diagnostic imaging information has an
increased level of acquisitional burden relative to the second type of diagnostic imaging
information. The patient is maintained on a table of the imaging unit during the
acquisition of the second type of diagnostic imaging information, reconstruction of the
second image, and acquisition of the third type of diagnostic imaging information. The at
least one processor is also configured to reconstruct a third image using the third type of

diagnostic imaging information, and to display, via the display unit, the third image.

[0004] In another embodiment, a method (e.g., a method of progressively
imaging a patient during a single patient visit) is provided that includes acquiring a first
type of diagnostic imaging information of the patient from a first imaging modality with a
first imaging unit. The method also includes reconstructing a first image using the first
type of diagnostic imaging information, and analyzing the first image to determine if a
first stop criterion for terminating imaging is satisfied by the first image. Responsive to a
determination that the first stop criterion has been met, imaging is terminated. The
method includes, responsive to a determination that the first stop criterion has not been
met, acquiring a second type of diagnostic imaging information of the first imaging
modality with the first imaging unit. The second type of diagnostic imaging information
has an increased level of acquisitional burden relative to the first type of diagnostic
imaging information. Also, the method includes reconstructing a second image using the
second type of diagnostic imaging information, and analyzing the second image to
determine if a second stop criterion for terminating imaging is satisfied by the second
image. Responsive to a determination that the second stop criterion has been met,
imaging is terminated. Responsive to a determination that the second stop criterion has
not been met, the method further includes acquiring a third type of diagnostic imaging
information of the first imaging modality with the first imaging unit. The third type of

diagnostic imaging information has an increased level of acquisitional burden relative to
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the second type of diagnostic imaging information. The patient is maintained on a table
of the first imaging unit during the acquiring the second type of diagnostic imaging
information, reconstructing the second image, analyzing the second image, and acquiring
the third type of diagnostic imaging information. Further, the method includes

reconstructing a third image using the third type of diagnostic imaging

information.

[0005] In another embodiment, a tangible and non-transitory computer readable
medium is provided that includes one or more computer software modules configured to
direct one or more processors to acquire a first type of diagnostic imaging information of
the patient from a first imaging modality with a first imaging unit; reconstruct a first
image using the first type of diagnostic imaging information; analyze the first image to
determine if a first stop criterion for terminating imaging is satisfied by the first image;
responsive to a determination that the first stop criterion has been met, terminate imaging;
responsive to a determination that the first stop criterion has not been met, acquire a
second type of diagnostic imaging information of the first imaging modality with the first
imaging unit, the second type of diagnostic imaging information having an increased
level of acquisitional burden relative to the first type of diagnostic imaging information;
reconstruct a second image using the second type of diagnostic imaging information;
analyze the second image to determine if a second stop criterion for terminating imaging
is satisfied by the second image; responsive to a determination that the second stop
criterion has been met, terminate imaging; responsive to a determination that the second
stop criterion has not been met, acquire a third type of diagnostic imaging information of
the first imaging modality with the first imaging unit, the third type of diagnostic imaging
information having an increased level of acquisitional burden relative to the second type
of diagnostic imaging information, wherein the patient is maintained on a table of the first
imaging unit during the acquiring the second type of diagnostic imaging information,
reconstructing the second image, analyzing the second image, and acquiring the third type
of diagnostic imaging information; and reconstruct a third image using the third type of

diagnostic imaging information.



WO 2017/160531 PCT/US2017/021153

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 is a schematic block diagram illustrating an imaging system in

accordance with various embodiments.

[0007] Figure 2 is a flowchart of a method in accordance with various

embodiments.

[0008] Figure 3 illustrates an example display in accordance with various

embodiments.

[0009] Figure 4 illustrates an example display in accordance with various

embodiments.

[0010] Figure 5 illustrates an example display in accordance with various

embodiments.

[0011] Figure 6 illustrates an example display in accordance with various

embodiments.

[0012] Figure 7 illustrates an example display in accordance with various

embodiments.

[0013] Figure 8 is a schematic block diagram of an imaging system in

accordance with various embodiments.
DETAILED DESCRIPTION OF THE INVENTION

[0014] The following detailed description of certain embodiments will be better
understood when read in conjunction with the appended drawings. To the extent that the
figures illustrate diagrams of the functional blocks of various embodiments, the
functional blocks are not necessarily indicative of the division between hardware
circuitry.  For example, one or more of the functional blocks (e.g., processors or
memories) may be implemented in a single piece of hardware (e.g., a general purpose
signal processor or a block of random access memory, hard disk, or the like) or multiple

pieces of hardware. Similarly, the programs may be stand alone programs, may be
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incorporated as subroutines in an operating system, may be functions in an installed
software package, and the like. It should be understood that the various embodiments are

not limited to the arrangements and instrumentality shown in the drawings.

PR RT3

[0015] As used herein, the terms “system,” “unit,” or “module” may include a
hardware and/or software system that operates to perform one or more functions. For
example, a module, unit, or system may include a computer processor, controller, or other
logic-based device that performs operations based on instructions stored on a tangible and
non-transitory computer readable storage medium, such as a computer memory.
Alternatively, a module, unit, or system may include a hard-wired device that performs
operations based on hard-wired logic of the device. Various modules or units shown in
the attached figures may represent the hardware that operates based on software or

hardwired instructions, the software that directs hardware to perform the operations, or a

combination thereof.

[0016] “Systems,” “units,” or “modules” may include or represent hardware and
associated instructions (e.g., software stored on a tangible and non-transitory computer
readable storage medium, such as a computer hard drive, ROM, RAM, or the like) that
perform one or more operations described herein. The hardware may include electronic
circuits that include and/or are connected to one or more logic-based devices, such as
microprocessors, processors, controllers, or the like. These devices may be off-the-shelf
devices that are appropriately programmed or instructed to perform operations described
herein from the instructions described above. Additionally or alternatively, one or more

of these devices may be hard-wired with logic circuits to perform these operations.

[0017] As used herein, an element or step recited in the singular and preceded
with the word "a" or "an" should be understood as not excluding plural of said elements
or steps, unless such exclusion is explicitly stated. Furthermore, references to "one
embodiment” are not intended to be interpreted as excluding the existence of additional
embodiments that also incorporate the recited features. Moreover, unless explicitly stated
to the contrary, embodiments "comprising" or "having" an element or a plurality of

elements having a particular property may include additional elements not having that

property.
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[0018] Various embodiments provide systems and methods for progressive or
value-based imaging. Some embodiments related to value based acquisition of medical
images for suspected medical conditions of a patient. Various embodiments allow
minimal image acquisition through a progressive refinement-based imaging process,
while providing evidence (e.g., a displayed image) at each stage to allow a determination
to stop further continued acquisition from that patient with a stopping criterion. Imaging
information acquisition is continued until a stopping criterion is met. In some
embodiments, the stopping criterion is determined using a processor programmed with
analysis software coupled to an acquisition system that performs progressive analysis and
provides visualization of the analysis results. For example, a human user may choose to
stop additional imaging acquisition from the patient based on a displayed image and/or
information relating to the displayed image (such as a quantitative measure determined
using the displayed image). The progressive refinement-based imaging process may be
configured to minimize acquisitional burden while providing progressively more detailed
information for improved pathology detection rate. As used herein, acquistional burden
includes at least one of time required, dosage to patient, discomfort to patient, or
inconvenience to patient. A varying trade-off between pathology detection rate, speed,
and/or patient discomfort may be provided by the imaging process. For example, a first
imaging process, for example, may minimize or reduce the time required for a scan, the
dosage (radiation and/or contrast) provided to a patient, discomfort to the patient, and/or
inconvenience to the patient, while providing a level of certainty for pathology detection.
A second scan (and additional scans if appropriate), which may have increased time,
dosage, and/or inconvenience, but also have an increased pathology detection rate relative
to the first scan, may be performed if the results of the first scan do not provide sufficient

certainty regarding a diagnosis.

[0019] In one example, imaging of a patient in connection with a stroke analysis
is performed. First, non-contrast computed tomography (CT) is acquired. If, based on a
non-contrast CT image, it is determined the patient is experiencing hemorrhagic stroke,
the imaging process is stopped and surgery is performed to address the hemorrhagic
stroke. If the non-contrast CT image does not indicated hemorrhagic stroke, then a

subsequent imaging step of acquiring multi-phase CT information is performed, and an
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image reconstructed using the multi-phase CT information is analyzed to determine if
stop criterion (e.g., sufficient collateral filling to permit immediate removal of a clot). If
the stop criterion is satisfied, the imaging may be terminated and the patient transferred
for surgery. If the stop criterion is not satisfied (e.g., if it is not determinable from the
image whether or not there is sufficient collateral filling), the progressive imaging may
proceed to acquire CT perfusion imaging data. If the stop criterion is not met following
CT perfusion imaging, for example, in some embodiments the progressive imaging may

proceed to acquire MR perfusion imaging information.

[0020] In another example, an imaging sequence or process may begin with a
low dose, thick slice, large coverage CT scan in a first scan for quick assessment of a
larger area. A subsequent scan (or scans) may be progressively targeted on a smaller
FOV (e.g., an identified lesion and/or particular anatomy) using thinner slices and/or

higher dosage.

[0021] Generally, in various embodiments, a first type or genre of data of a first
modality is acquired, and it is determined if a stop criteria is satisfied after acquiring the
first type or genre of data. If the stop criterion is met, no further imaging is performed,
but if the stop criterion is not met, a progressively refined second genre of type of data of
the first modality (e.g., a more detailed and/or complex type of scan) is performed. As
long as stop criteria are not met, the process may be continued by acquiring different
genres or types of progressively refined data of the first modality. In some embodiments,
after a given number of types of images of a first modality have been reconstructed
without satisfying a stop criterion, one or more genres or types of scans of a second
imaging modality may be performed. The type of scan and/or modality of scan may be

updated until a stop criterion is met or satisfied.

[0022] Various embodiments provide improved imaging. A technical effect of
at least one embodiment includes reduced number of scans (e.g., by eliminating
unnecessary subsequent scans when enough information is available from a previous
scan). A technical effect of at least one embodiment includes reduced radiation dose
(e.g., by eliminating unnecessary subsequent scans when enough information is available

from a previous scan). A technical effect of at least one embodiment includes improved

-
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efficiency of performing a series of scans (e.g., by analyzing a previous scan while
preparing a subsequent scan). A technical effect of at least one embodiment is to provide
images for use in accurate diagnosis of medical conditions such as stroke. A technical
effect of at least one embodiment includes reduction of delay between scanning and

performing a medical procedure.

[0023] Figure 1 illustrates an imaging system 100 in accordance with an
embodiment. The imaging system 100 may be configured, for example, to perform
progressive or value-based imaging of a patient using one or more imaging modalities
(e.g., computed tomography (CT), X-ray, magnetic resonance imaging (MRI), ultrasound,
photon emission tomography (PET), single photon emission computed tomography
(SPECT)). The illustrated embodiment, for example, includes a first imaging unit 102 of
a first modality, and a second imaging unit 104 of a second modality, as well as a
processing unit 120, an output unit (or display) 140, and an input unit 150. For example,
the first modality may be CT and the second modality may be MRI. Additional or
alternative modality imaging units may be used in various embodiments. Generally, the
imaging system 100 is configured to progressively image a patient. The imaging system
100 is configured to acquire a series of image datasets, with each subsequent image
dataset requiring more acquisitional burden and/or providing additional diagnostic detail
than a preceding image dataset. Before proceeding to perform the next imaging scan in a
series, the imaging system 100 (e.g., processing unit 120 either automatically and/or with
use of user input) determines if a stop criterion has been reached. If, based on an analysis
of an already obtained image, a stop criterion is met, the progressive imaging process is
terminated, avoiding more complex imaging scans that take additional time and/or subject
the patient to additional dosage (e.g., radiation dosage, contrast dosage). If, however, the
stop criterion has not been reached (e.g., the already obtained scans do not provide
sufficient information from which to make a diagnostic decision), a subsequent, more

detailed, burdensome, and/or complex imaging scan is performed.

[0024] As one example, the imaging system may be utilized as part of an
analysis of a stroke patient. A first scan may be performed to determine if the patient is

experiencing a hemorrhagic stroke or an ischemic stroke. If, based on an image
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reconstructed using information acquired during the first scan, it is determined that the
stroke is hemorrhagic, further scans are not performed, and the patient may be treated for
the hemorrhagic stroke. If, however, the stroke is determined to be ischemic, one or more
subsequent scans may be performed until an image is obtained from which it is
determined whether collateral filling is sufficient to allow for a surgical procedure to

remove an identified clot.

[0025] Generally, the first imaging unit 102 and the second imaging unit 104 are
configured to acquire projection data or imaging data (e.g., CT data or CT imaging
information), and the processing unit 120 is configured to reconstruct images using the
data acquired by one or more of the imaging units. It may be noted that various
embodiments may include additional components, or may not include all of the
components shown in Figure 1 (for example, various embodiments may provide sub-
systems for use with other sub-systems to provide an imaging system; various
embodiments may only include the first imaging unit 102 of the first modality). Further,
it may be noted that certain aspects of the imaging system 100 shown as separate blocks
in Figure 1 may be incorporated into a single physical entity, and/or aspects shown as a

single block in Figure 1 may be shared or divided among two or more physical entities.

[0026] The depicted first imaging unit 102 includes a CT acquisition unit 110
which in turn includes an X-ray source 112 and a CT detector 114. (For additional
information regarding example CT systems, see Figure 8 and related discussion herein.)
The X-ray source 112 and the CT detector 114 (along with associated components such as
bowtie filters, source collimators, detector collimators, or the like (not shown in Fig. 1))

may rotate about a central axis of a bore of a gantry 116 of the system 100.

[0027] Generally, X-rays from the X-ray source 112 may be guided to an object
to be imaged through a source collimator and bowtie filter. The object to be imaged, for
example, may be a human patient or a portion thereof (e.g., head or torso, among others).
The source collimator may be configured to allow X-rays within a desired field of view
(FOV) to pass through to the object to be imaged while blocking other X-rays. The
bowtie filter module may be configured to absorb radiation from the X-ray source 112 to

control distribution of X-rays passed to the object to be imaged.
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[0028] X-rays that pass through the object to be imaged are attenuated by the
object and received by the CT detector 114 (which may have a detector collimator
associated therewith), which detects the attenuated X-rays and provides imaging
information to the processing unit 120. The processing unit 120 may then reconstruct an
image of the scanned portion of the object using the imaging information (or projection
information) provided by the CT detector 114. The processing unit 120 includes or is
operably coupled to the output unit 140, which in the illustrated embodiment is
configured to display an image, for example, an image reconstructed by the processing
unit 120 using imaging information from the CT detector 114. The depicted input unit
150 is configured to obtain input corresponding to a scan to be performed, with the
processing unit 120 using the input to determine one or more scan settings (e.g., tube
voltage, tube current, scanning rotation speed, or the like). The input unit 150 may
include a keyboard, mouse, touchscreen or the like to receive input from an operator,
and/or may include a port or other connectivity device to receive input from a computer

or other source.

[0029] In the illustrated embodiment, the X-ray source 112 is configured to
rotate about the object. For example, the X-ray source 112 and the CT detector 114 may
be positioned about a bore 118 of the gantry 116 and rotated about the object to be
imaged. As the X-ray source 112 rotates about the object during an imaging scan, X-rays
received by the CT detector 114 during one complete rotation provide a 360 degree view
of X-rays that have passed through the object. Other imaging scanning ranges may be
used in alternative embodiments. The CT imaging information may be collected as a
series of views that together make up a rotation or portion thereof. A blanking interval

for may separate a first view or projection from the next view or projection in the series.

[0030] As indicated herein, the processing unit 120 is configured to control
various aspects of the acquisition units and/or to reconstruct an image using information
obtained via the acquisition units. For example, the processing unit 120 may be
configured to reconstruct a CT image (or a series of CT images using information

acquired at different times) using information collected by the CT acquisition unit 110.

-10-
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[0031] The depicted processing unit 120 is operably coupled to the input unit
150, the output unit 140, the first imaging unit 102, and the second imaging unit 104.
The processing unit 120, for example, may receive information regarding a scan from the
input unit 150 that may be utilized in determining scanning parameters to be used in
acquiring CT imaging information. The processing unit 120 in various embodiments
receive user inputs from the input unit 150 that correspond to satisfaction (or lack thereof)
of a stop criterion (e.g., whether information is sufficient from an already performed scan
to make performance of a subsequent scan or scans necessary or desirable). As another
example, the processing unit 120 may receive imaging data or projection data from the
imaging units (e.g., CT detector 114). As one more example, the processing unit 120
may provide control signals to one or more aspects of the imaging units, such as the CT
acquisition unit 110, for example the X-ray source 112 and CT detector 114. The
processing unit 120 may include processing circuitry configured to perform one or more
tasks, functions, or steps discussed herein. It may be noted that “processing unit” as used
herein is not intended to necessarily be limited to a single processor or computer. For
example, the processing unit 120 may include multiple processors and/or computers,
which may be integrated in a common housing or unit, or which may distributed among

various units or housings.

[0032] The depicted processing unit 120 is configured to control the first
imaging unit 102 and the second imaging unit 104 to acquire imaging information. For
example, the depicted processing unit 12 is configured to control the CT acquisition unit
110 (e.g., by controlling the activation and deactivation of the X-ray source 112) to
collect CT imaging information during an imaging scan. The processing unit 120 in the
illustrated embodiment is configured to control the CT acquisition unit 110 to acquire
different types of imaging information using different scan procedures. For example, the
depicted processing unit 120 is configured to control the CT acquisition unit 110 to
perform non-contrast CT imaging scans, multi-phase CT imaging scans, and CT

perfusion imaging scans.

[0033] In the embodiment depicted in Figure 1, the processing unit includes a

reconstruction module 122, a determination module 124, a control module 126, and a

-11-
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memory 128. It may be noted that other types, numbers, or combinations of modules may
be employed in alternate embodiments, and/or various aspects of modules described
herein may be utilized in connection with different modules additionally or alternatively.
Generally, the various aspects of the processing unit 120 act individually or cooperatively
with other aspects to perform one or more aspects of the methods, steps, or processes

discussed herein (e.g., method 200 or aspects thereof).

[0034] The depicted reconstruction module 122 is configured to reconstruct one
or more images using imaging or projection data acquired from the first imaging unit 102
and/or the second imaging unit 104 (e.g., from the CT detector 114 of the first imaging
unit 102). For example, the reconstruction module 122 may receive imaging information
from the CT detector 114 taken over a number of views (e.g., for a full rotation or portion
thereof, or for a number of rotations taken at different positions along the length of an

object to be imaged) and reconstruct an image used for diagnostic purposes.

[0035] In the illustrated embodiment, the determination module 124 is
configured to receive information from the first imaging unit 102 and/or the second
imaging unit 104 (e.g., CT imaging information from the CT acquisition unit 110), and/or
information from the reconstruction module 122 (e.g., a reconstructed image) and/or the
input unit 150 (e.g., information corresponding to a stop criterion, such as a user input
indicating satisfaction or dissatisfaction of a stop criterion), and to determine, for
example, whether a stop criterion has been satisfied or whether a subsequent scan should
be performed. In some embodiments, the determination module 124 determines the type

of subsequent scan to be performed.

[0036] For example, the determination module 124 may first determine if a stop
criterion has been satisfied. In some embodiments, the determination module 124
determines if a stop criterion is satisfied based on an objective or measurable parameter
(or parameters) automatically determined via analysis of a reconstructed image. In some
embodiments, the determination module 124 determines if a stop criterion is satisfied
based on receipt (or failure to receive) a user input. For instance, in some embodiments,
the determination module 124 (or other aspect of processing unit 120) determines that a

given stop criterion is not satisfied if an input corresponding to a satisfaction of the given
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stop criterion is not received within a predetermined amount of time after displaying a
corresponding image. For example, after display of a given reconstructed image, the
determination module 124 may begin a timing period. If no input is received from an
operator before expiration of the timing period, the determination module 124 determines
that the stop criterion has not been satisfied, and the processing unit 120 controls the
imaging system 100 to acquire the next, more detailed or complex imaging scan in a

series.

[0037] In one example scenario, a patient experiencing a stroke may be
diagnosed using a progressive imaging process using the imaging system 100. In the
example scenario, a sequence of up to three CT imaging scans are performed, with each
subsequent scan having additional acquisitional burden relative to the preceding scan, as
necessary. The first imaging scan is a non-contrast CT imaging scan, the second imaging
scan is a multi-phase CT imaging scan, and the third imaging scan is a perfusion CT

imaging scan. A different stop criterion is employed for the first and second scans.

[0038] In the example scenario, after the CT imaging information has been
collected with the CT acquisition unit 110, the reconstruction module 122 reconstructs a
non-contrast image, and the image (which may have undergone postprocessing to assist in
diagnosis) is displayed via the output unit 140. The stop criterion for the first scan in the
example scenario corresponds to a determination of a level of bleeding corresponding to
hemorrhagic stroke. The satisfaction of the stop criterion in the example scenario is
based on a user input. If a user provides an input to the input unit 150 indicating that an
amount of bleeding corresponding to hemorrhagic stroke has been determined based on
the displayed image, the determination module 124 determines that a stop criterion has
been met and no further scans are performed. Instead, the patient may be treated for
hemorrhagic stroke without further delay for additional scans. If, however, the user
provides an input indicating that an amount of bleeding corresponding to hemorrhagic
stroke has not been identified (or fails to provide an input within a predetermined time
period), the determination module 124 determines that a stop criterion has not been

satisfied, and a subsequent scan is performed.
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[0039] In the example scenario, the subsequent scan is a multi-phase CT
angiography (CTA) exam. A contrast agent is introduced to the patient, and the CT
acquisition unit 110 acquires multi-phase CTA imaging information. Multi-phase CTA
provides temporal information regarding blood vessels, for example that may be used to
help determine an extent of arterial filling in the brain for ischemic stroke patients. If
sufficient arterial filling is determined, a clot may be identified and removed; however, if
filling is insufficient, there may be a risk of blood vessel rupture due to pressure change
after removal of a clot. After the CT imaging information has been collected with the CT
acquisition unit 110, the reconstruction module 122 reconstructs an image or images (e.g.,
one or more images corresponding to vessels of the brain at different phases or points in
time), and the image (which may have undergone postprocessing to assist in diagnosis) is
displayed via the output unit 140. The stop criterion for the second scan in the example
scenario corresponds to a determination of a sufficient level of collateral filling of blood
vessels (e.g., a sufficient level to permit removal of a clot without undue risk of vessel
rupture). The satisfaction of the second stop criterion in the example scenario is based on
a user input. If a user provides an input to the input unit 150 indicating that a sufficient
level of collateral filling has been determined based on the displayed image, the
determination module 124 determines that a stop criterion has been met and no further
scans are performed. Instead, the patient may be treated for ischemic stroke (e.g.,
removal of a clot) without further delay for additional scans. If, however, the user
provides an input indicating an insufficient level of collateral filling or an inability to
determine whether or not a sufficient level of collateral filling exists (or the user fails to
provide an input within a predetermined time period), the determination module 124
determines that a stop criterion has not been satisfied, and a subsequent scan is

performed.

[0040] In the example scenario, the subsequent scan is a CT perfusion exam.
After the contrast agent associated with the multi-phase CTA exam has sufficiently
washed out, a different contrast agent is introduced to the patient for CT perfusion
analysis, and the CT acquisition unit 110 acquires CT perfusion imaging information.
Multi-phase CTA provides information regarding brain tissue and whether sufficient

blood flow is being provided to keep tissue alive. If multi-phase CTA imaging
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information was not sufficient to determine whether or not collateral filling was
sufficient, CT perfusion information may be acquired to better determine whether or not

collateral filling was sufficient.

[0041] It may be noted that the various imaging scans in a progressive series of
scans may have corresponding scanning parameters or settings (e.g., parameters or
settings used to acquire information) as well as display parameters or settings (e.g.,
parameters or settings used in postprocessing for convenient display). In some
embodiments, the determination module 124 (and/or other aspect or portion of the
processing unit 120) determines a subsequent type of scan to be performed, as well as
scanning and display parameters. For example, in some embodiments, for a progressive
stroke imaging sequence, if a stop criterion is not satisfied after analysis of a non-contrast
CT image, the determination module 124 determines that a multi-phase CTA imaging
scan is to performed, and directs to the control module 124 to use appropriate settings for
multi-phase CTA image acquisition. Further, the determination module 124 determines
that a postprocessing routine tailored for use with multi-phase CTA is to be used, and
provides the appropriate information to the reconstruction module 122 (or other aspect of
the processing unit 120) for use in postprocessing and displaying an image reconstructed

using the multi-phase CTA imaging information.

[0042] In the illustrated embodiment, the determination module 124 is
communicably coupled to the control module 126, with the control module 126
configured to control the first imaging unit 102 and/or the second imaging unit 104 (e.g.,
the CT acquisition unit 110 and/or other aspects of the system 100), and to perform the

imaging scans called for by the determination module 124.

[0043] The output unit 140 is configured to provide information to the user.
The output unit 140 is configured to display, for example, an image (e.g., an image that
has been reconstructed and postprocessed as discussed herein). Additionally, the output
unit 140 may provide, among other things, guidance regarding determination of a stop
criterion, display a timer indicating when the determination module 124 will determine

failure to satisfy satisfaction of stop criterion absent a contrary input, measured or
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determined parameters corresponding to a displayed image. The output unit 140 may

include one or more of a screen, a touchscreen, a printer, or the like.

[0044] The input unit 150 may be configured to obtain an input that corresponds
to one or more settings or characteristics of a scan or progressive series of scans to be
performed, and to provide the input (or information corresponding to the input) to the
processing unit 120, which may use the input to determine, adjust, or select settings used
to acquire imaging information, reconstruct imaging information, postprocess or
otherwise prepare one or more images for display, or the like. For example, the input unit
150 may receive an instruction specifying a procedure, and the processing unit then
determines the appropriate sequence of scans and corresponding reconstruction and
postprocessing routines. The input may include, for example, a type of progressive
imaging to perform, such as stroke analysis. Responsive to receiving the input from the
input unit 150, the processing unit 120 automatically initiates a corresponding series of
scans, which may be selectively performed until a stop criterion is satisfied. The input
unit 150 may be configured to accept a manual user input, such as via a touchscreen,
keyboard, mouse, or the like. Additionally or alternatively, the input unit 150 may
receive information from another aspect of the imaging system 100, another system, or a
remote computer, for example, via a port or other connectivity device. In various
embodiments, the input unit 150 also receives input regarding criteria satisfaction. In
some embodiments, a user may provide input, based on visual inspection of a displayed
image, whether or not a stop criterion is satisfied (and/or whether the image does not
provide enough information to make a determination). In some embodiments, a user may
provide an indication if a stop criterion is satisfied, and the processing unit 120 may
automatically proceed to a next scan in a series if no input is received within a
predetermined time period. Use of a predetermined time period for automatically
advancing to a subsequent imaging stage reduces the amount of time taken for a series of

scans in various embodiments.

[0045] Figure 2 provides a flowchart of a method 200 for progressively imaging
an object, for example a patient as part of a stroke analysis, in accordance with various

embodiments. The method 200, for example, may employ or be performed by structures
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or aspects of various embodiments (e.g., systems and/or methods) discussed herein. In
various embodiments, certain steps may be omitted or added, certain steps may be
combined, certain steps may be performed simultaneously, certain steps may be
performed concurrently, certain steps may be split into multiple steps, certain steps may
be performed in a different order, or certain steps or series of steps may be re-performed
in an iterative fashion. In various embodiments, portions, aspects, and/or variations of
the method 200 may be able to be used as one or more algorithms to direct hardware (e.g.,
one or more aspects of the processing unit 120) to perform one or more operations

described herein.

[0046] At 202, the object (e.g., patient is positioned). For example, the object
may be a human patient positioned on a table in a bore of an imaging system (e.g., first
imaging unit 102 or second imaging unit 104), which may include, for example, a CT

acquisition unit (e.g., CT acquisition unit 110).

[0047] At 204, a progressive imaging routine or procedure is selected. The
progressive imaging routine in various embodiments specifies a series of scans of
increasing acquisitional burden or detail that are performed to aid in diagnosis of a
condition. For example, for a stroke diagnosis progressive imaging routine, a series of
scans may include a non-contrast CT scan, a multi-phase contrast CTA scan, and a CT
perfusion scan. The progressive imaging routine may be selected or determined based on
a user input provided to processing unit (e.g.., to processing unit 120 via input unit 150).
Figure 3 provides an example illustration of a display 300 in accordance with various
embodiments which a user may use to provide an input to select a progressive imaging
routine. The display 300 includes various user guidance features 310, which allow a user
to specify a portion of the body to be scanned. As seen in Figure 3, the depicted display
also includes user selection buttons 320 corresponding to available scanning procedures.
In the illustrated embodiment, the user has selected “Fast Stroke.” Responsive to the user
selection, a processing unit may prepare a system to perform the series of scans using

predetermined acquisition, reconstruction, and display parameters for the selected routine.

[0048] At 206, a first type of imaging information is acquired. For example, the

first type of imaging information in various embodiments is acquired using a first
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modality of a first imaging unit. In some embodiments, the first type of imaging
information is non-contrast information. In some embodiments, an X-ray source and
detector may be rotated about the object being imaged and operated in a manner
prescribed by predetermined scanning parameters to collect imaging information at a
detector. As one example, in the illustrated embodiment, at 208, the first type of
diagnostic imaging information is non-contrast CT (e.g., acquired via CT acquisition unit
110), and the first stop criterion is a determination of a level of bleeding corresponding to

hemorrhagic stroke.

[0049] At 210, a first image is reconstructed. The first image is reconstructed
using the first imaging information acquired at 206. At 212, the reconstructed image is
automatically postprocessed. For example, in various embodiments, a processing unit
(e.g., processing unit 120) may postprocess the reconstructed first image using a
predetermined postprocessing routine based on the selected progressive imaging routine
to provide a user with a convenient, easily usable display for determining if a stop
criterion is satisfied. Figure 4 illustrates an example non-contrast CT display 400 in
accordance with various embodiments. The display 400 includes four views (namely, an
oblique view 410, an axial view 420, a sagittal view 430, and a coronal view 440) which
may be used by a viewer of the display to determine if there is a level of bleeding

corresponding to hemorrhagic stroke present or not.

[0050] At 214, the first image is analyzed to determine if a first stop criterion
for terminating imaging is satisfied by the first image. The analysis in some
embodiments may be performed by an operator or user viewing an image on a display
(e.g., display unit 140). It may be noted that the display may be remote from other
aspects of an imaging system, so that a physician not present at a scanning facility may
determine if a stop criterion has been satisfied. In some embodiments, a processing unit
(e.g., processing unit 120) may be configured to analyze one or more determinable
parameters or objective measurements corresponding to a reconstructed image to
determine if a stop criterion has been met. In the depicted embodiment, at 216, the first
image is analyzed to determine if a level of bleeding corresponding to hemorrhagic stroke

is present.
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[0051] At 218, it is determined if the first stop criterion has been met or
satisfied. Generally, if a stop criterion is met, the progressive imaging routine may be
terminated before performing additional, more complex scans that are unnecessary if an
earlier scan provides sufficient information for a particular diagnosis. If the first stop
criterion is met, the method 200 proceeds to 220 and the imaging series is terminated. If
the stop criterion is not met or satisfied, the method proceeds to 222. For example, if a
level of bleeding consistent with hemorrhagic stroke is present, the patient may be
transferred from the imaging device for treatment of the hemorrhagic stroke immediately,
without spending additional time performing scans. If, however, the level of bleeding
does not correspond to hemorrhagic stroke, an ischemic stroke may be diagnosed, for
which additional imaging will be beneficial, for example, to determine a location of a clot

as well as the extent of collateral filling.

[0052] At 222, a second type of diagnostic imaging information is acquired. For
example, in various embodiments, the second type of diagnostic imaging information is
of the same, first modality as the first type of diagnostic imaging information, is acquired
with the same, first imaging unit, and has an increased level of acquisitional burden
relative to the first type of diagnostic imaging information. In some embodiments, the
second type of imaging information is multi-phase information. For example, in the
illustrated embodiment, at 224, the second type of diagnostic imaging information is
multi-phase CTA information, and the second stop criterion is determination of a
sufficient level of collateral filling of blood vessels. In the illustrated embodiment, a
contrast agent is introduced in the patient before acquiring CT information as part of a

multi-phase CTA imaging process.

[0053] At 226, a second image is reconstructed. The first image is reconstructed
using the second type of diagnostic imaging information acquired at 222. At 228, the
reconstructed image is automatically postprocessed.  For example, in various
embodiments, a processing unit (e.g., processing unit 120) may postprocess the
reconstructed second image using a predetermined postprocessing routine (e.g.,
postprocessing tailored for multi-phase CTA) based on the selected progressive imaging

routine to provide a user with a convenient, easily usable display for determining if a stop
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criterion is satisfied. Figure 5 illustrates an example CTA display 500, and Figure 6
illustrates an example CTA display 600 in accordance with various embodiments. The
processing unit 120, responsive to receiving the image reconstructed at 226, in various
embodiments automatically performs postprocessing on the image reconstructed at 226 to
prepare the display 500 and display 600 for use. The display 500 displays carotids as part
of a maximum intensity projection (MIP) in three different views — a coronal view 510,
an axial view 520, and a sagittal view 530. The display 600 displays three axial views at
different times or phases — a first phase view 610, a second phase view 620, and third
phase view 630. The display 500 and display 600 may be used by a viewer to determine
if there is sufficient collateral filling. For example, if there is sufficient collateral filling,
the patient may proceed to an endovascular procedure to remove a clot, but if not, an
alternative course may be selected due to the risk of rupturing blood vessels due to a

pressure change after clot removal.

[0054] At 230, the second image is analyzed to determine if a second stop
criterion for terminating imaging is satisfied by the second image. The analysis in some
embodiments may be performed by an operator or user viewing an image or images on a
display (e.g., display unit 140). It may be noted that the display may be remote from
other aspects of an imaging system, so that a physician not present at a scanning facility
may determine if a stop criterion has been satisfied. In some embodiments, a processing
unit (e.g., processing unit 120) may be configured to analyze one or more determinable
parameters or objective measurements corresponding to a reconstructed image to
determine if a stop criterion has been met. In the depicted embodiment, at 232, the first
image is analyzed by a viewer of a display to determine if there is sufficient collateral
filling to permit clot removal. It may be noted that a location of a clot to be removed may

also be determined at 234 in various embodiments.

[0055] At 236, it is determined if the second stop criterion has been met or
satisfied. If the second stop criterion is met, the method 200 proceeds to 238 and the
imaging series is terminated. If the stop criterion is not met or satisfied, the method
proceeds to 240. For example, if sufficient collateral filling is present, the patient may be

transferred from the imaging device for treatment of the ischemic stroke (e.g., removal of
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an identified clot) immediately, without spending additional time performing scans. If,
however, the level of collateral filling is not sufficient, or if it cannot be determined from
the multi-phase CTA analysis if collateral filling is sufficient, additional imaging may be

beneficial, for example, to determine the extent of collateral filling.

[0056] At 240, a third type of diagnostic imaging information is acquired. For
example, in various embodiments, the third type of diagnostic imaging information is of
the same, first modality as the first type and second type of diagnostic imaging
information, is acquired with the same, first imaging unit, and has an increased level of
acquisitional burden relative to the second type of diagnostic imaging information. In the
illustrated embodiment, at 242, the third type of diagnostic imaging information is CT
perfusion information. CTA may be understood as looking at vessels at a macro-level,
and CT perfusion may provide additional complexity or detail by providing information
regarding the patient at a tissue level. Tissue level parameters are calculated as part of a
CT perfusion analysis in various embodiments to provide one or more quantitative
measures to assist in determining a level of collateral filling. In the illustrated
embodiment, a contrast agent is introduced in the patient before acquiring CT information
as part of a CT perfusion imaging process. In various embodiments, the reconstruction
and associated analysis regarding the second imaging information may be performed
during a washout period of contrast agent used in acquiring the second imaging
information. It may also be noted that, in various embodiments, the patient is maintained
on a table of the first imaging unit during the acquiring of the second type of diagnostic
imaging information, reconstructing of the second image, analyzing of the second image,

and acquiring of the third type of diagnostic imaging information.

[0057] At 244, a third image is reconstructed. The third image is reconstructed
using the third type of diagnostic imaging information acquired at 240. At 246, the
reconstructed image is automatically postprocessed.  For example, in various
embodiments, a processing unit (e.g., processing unit 120) may postprocess the
reconstructed third image using a predetermined postprocessing routine (e.g.,
postprocessing tailored for CT perfusion) based on the selected progressive imaging

routine to provide a user with a convenient, easily usable display. Figure 7 illustrates an

21-



WO 2017/160531 PCT/US2017/021153

example CT perfusion 700 in accordance with various embodiments. The processing unit
120, responsive to receiving the image reconstructed at 244, in various embodiments
automatically performs postprocessing on the image reconstructed at 244 to prepare the
display 700 for use. The display 700 includes image views, 710, 730, and 740, as well as
graph 720 corresponding to one or more quantitative measures. The particular views
presented and format of the presented views for the display 700 (and/or other displays
discussed herein) in various embodiments is automatically selected by a processing unit,
for example, based on predetermined viewer preferences. For example, responsive to
receiving a given type of reconstructed image, the processing unit may automatically
selected a predetermined postprocessing routine corresponding to the given type of

reconstructed image to prepare a display for viewing.

[0058] At 248, the third image is analyzed (e.g., to determine if a stop criterion
is met if any additional scans remain in the progressive imaging routine). The analysis in
some embodiments may be performed by an operator or user viewing an image or images
on a display (e.g., display unit 140). It may be noted that the display may be remote from
other aspects of an imaging system, so that a physician not present at a scanning facility
may determine if a stop criterion has been satisfied. In some embodiments, a processing
unit (e.g., processing unit 120) may be configured to analyze one or more determinable
parameters or objective measurements (e.g., one or more quantitative measures provided
by a CT perfusion imaging process) corresponding to a reconstructed image to determine
if a stop criterion has been met. In some embodiments, the third image is analyzed for
collateral filling, and a corresponding stop criterion is if a sufficient amount of collateral
filling is determined to allow the patient to be transferred to have surgery to remove a

clot.

[0059] At 250, in the illustrated embodiment, a fourth imaging acquisition is
performed. The fourth imaging acquisition in various embodiments uses a different,
second modality than was used for the first, second, and third types of diagnostic
information. For example, CT may be employed for the first, second, and third types of
diagnostic information, but the fourth imaging acquisition may be performed using MRI.

In some embodiments, the fourth imaging acquisition, may be performed to provide
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additional complexity or detail to information previously acquired, while in other
embodiments the fourth imaging acquisition may be used to provide information for a
different anatomical structure or diagnosis. In various embodiments, the fourth imaging
acquisition is performed only if a stop criterion corresponding to the third type of

diagnostic imaging information is not satisfied.

[0060] It may be noted that a number of imaging stages or acquisitions (or
potential imaging stages or acquisition) may vary in different embodiments. Generally, in
some embodiments, each imaging stage or step includes an acquisition, a reconstruction,
a display, an analysis, and a determination if a stop criterion has been met. The sequence
may be repeated for each subsequent stage or step (e.g., using different imaging

techniques) until a stop criterion is met.

[0061] Various methods and/or systems (and/or aspects thereof) described
herein may be implemented using a medical imaging system. For example, Figure 8 is a
block schematic diagram of an exemplary CT imaging system 900 that may be utilized to
implement various embodiments discussed herein. Although the CT imaging system 900
is illustrated as a standalone imaging system, it should be noted that the CT imaging
system 900 may form part of a multi-modality imaging system in some embodiments. For
example, the multi-modality imaging system may include the CT imaging system 900 and
a positron emission tomography (PET) imaging system, or a single photon emission
computed tomography (SPECT) imaging system. It should also be understood that other
imaging systems capable of performing the functions described herein are contemplated

as being used.

[0062] The CT imaging system 900 includes a gantry 910 that has the X-ray
source 912 that projects a beam of X-rays toward the detector array 914 on the opposite
side of the gantry 910. A source collimator 913 and a bowtie filter module 915 are
provided proximate the X-ray source 912. In various embodiments, the source collimator
913 may be configured to provide wide collimation as discussed herein. The detector
array 914 includes a plurality of detector elements 916 that are arranged in rows and
channels that together sense the projected X-rays that pass through a subject 917. The

imaging system 900 also includes a computer 918 that receives the projection data from
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the detector array 914 and processes the projection data to reconstruct an image of the
subject 917. The computer 918, for example, may include one or more aspects of the
processing unit 120, or be operably coupled to one or more aspects of the processing unit
120. In operation, operator supplied commands and parameters are used by the computer
918 to provide control signals and information to reposition a motorized table 922. More
specifically, the motorized table 922 is utilized to move the subject 917 into and out of
the gantry 910. Particularly, the table 922 moves at least a portion of the subject 917
through a gantry opening (not shown) that extends through the gantry 910. Further, the
table 922 may be used to move the subject 917 vertically within the bore of the gantry
910.

[0063] The depicted detector array 914 includes a plurality of detector elements
916. Each detector element 916 produces an electrical signal, or output, that represents
the intensity of an impinging X-ray beam and hence allows estimation of the attenuation
of the beam as it passes through the subject 917. During a scan to acquire the X-ray
projection data, the gantry 910 and the components mounted thereon rotate about a center
of rotation 940. Figure 8 shows only a single row of detector elements 916 (i.e., a
detector row). However, the multislice detector array 914 includes a plurality of parallel
detector rows of detector elements 916 such that projection data corresponding to a

plurality of slices can be acquired simultaneously during a scan.

[0064] Rotation of the gantry 910 and the operation of the X-ray source 912 are
governed by a control mechanism 942. The control mechanism 942 includes an X-ray
controller 944 that provides power and timing signals to the X-ray source 912 and a
gantry motor controller 946 that controls the rotational speed and position of the gantry
910. A data acquisition system (DAS) 948 in the control mechanism 942 samples analog
data from detector elements 916 and converts the data to digital signals for subsequent
processing. An image reconstructor 950 receives the sampled and digitized X-ray data
from the DAS 948 and performs high-speed image reconstruction. The reconstructed
images are input to the computer 918 that stores the image in a storage device 952. The
computer 918 may also receive commands and scanning parameters from an operator via

a console 960 that has a keyboard. An associated visual display unit 962 allows the
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operator to observe the reconstructed image and other data from computer. It may be
noted that one or more of the computer 918, controllers, or the like may be incorporated

as part of a processing unit such as the processing unit 160 discussed herein.

[0065] The operator supplied commands and parameters are used by the
computer 918 to provide control signals and information to the DAS 948, the X-ray
controller 944 and the gantry motor controller 946. In addition, the computer 918
operates a table motor controller 964 that controls the motorized table 922 to position the
subject 917 in the gantry 910. Particularly, the table 922 moves at least a portion of the
subject 917 through the gantry opening.

[0066] In various embodiments, the computer 918 includes a device 970, for
example, a CD-ROM drive, DVD drive, magnetic optical disk (MOD) device, or any
other digital device including a network connecting device such as an Ethernet device for
reading instructions and/or data from a tangible non-transitory computer-readable
medium 972, that excludes signals, such as a CD-ROM, a DVD or another digital source
such as a network or the Internet, as well as yet to be developed digital means. In another
embodiment, the computer 918 executes instructions stored in firmware (not shown).
The computer 918 is programmed to perform functions described herein, and as used
herein, the term computer is not limited to just those integrated circuits referred to in the
art as computers, but broadly refers to computers, processors, microcontrollers,
microcomputers, programmable logic controllers, application specific integrated circuits,

and other programmable circuits, and these terms are used interchangeably herein.

[0067] In the exemplary embodiment, the X-ray source 912 and the detector
array 914 are rotated with the gantry 910 within the imaging plane and around the subject
917 to be imaged such that the angle at which an X-ray beam 974 intersects the subject
917 constantly changes. A group of X-ray attenuation measurements, i.e., projection
data, from the detector array 914 at one gantry angle is referred to as a "view" or
“projection.” A "scan" of the subject 917 comprises a set of views made at different
gantry angles, or view angles, during one or more revolutions of the X-ray source 912 and
the detector array 914. In a CT scan, the projection data is processed to reconstruct an

image that corresponds to a three-dimensional volume taken of the subject 917. It may be
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noted that, in some embodiments, an image may be reconstructed using less than a full
revolution of data. For example, with a multi-source system, substantially less than a full
rotation may be utilized. Thus, in some embodiments, a scan (or slab) corresponding to a

360 degree view may be obtained using less than a complete revolution.

[0068] It should be noted that the various embodiments may be implemented in
hardware, software or a combination thereof. The various embodiments and/or
components, for example, the modules, or components and controllers therein, also may
be implemented as part of one or more computers or processors. The computer or
processor may include a computing device, an input device, a display unit and an
interface, for example, for accessing the Internet. The computer or processor may include
a microprocessor. The microprocessor may be connected to a communication bus. The
computer or processor may also include a memory. The memory may include Random
Access Memory (RAM) and Read Only Memory (ROM). The computer or processor
further may include a storage device, which may be a hard disk drive or a removable
storage drive such as a solid-state drive, optical disk drive, and the like. The storage
device may also be other similar means for loading computer programs or other

instructions into the computer or processor.

[0069] As used herein, the term “computer” or “module” may include any
processor-based or  microprocessor-based  system  including systems  using
microcontrollers, reduced instruction set computers (RISC), ASICs, logic circuits, and
any other circuit or processor capable of executing the functions described herein. The
above examples are exemplary only, and are thus not intended to limit in any way the

definition and/or meaning of the term “computer”.

[0070] The computer or processor executes a set of instructions that are stored
in one or more storage elements, in order to process input data. The storage elements
may also store data or other information as desired or needed. The storage element may
be in the form of an information source or a physical memory element within a

processing machine.
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[0071] The set of instructions may include various commands that instruct the
computer or processor as a processing machine to perform specific operations such as the
methods and processes of the various embodiments. The set of instructions may be in the
form of a software program. The software may be in various forms such as system
software or application software and which may be embodied as a tangible and non-
transitory computer readable medium. Further, the software may be in the form of a
collection of separate programs or modules, a program module within a larger program or
a portion of a program module. The software also may include modular programming in
the form of object-oriented programming. The processing of input data by the processing
machine may be in response to operator commands, or in response to results of previous

processing, or in response to a request made by another processing machine.

[0072] As used herein, a structure, limitation, or element that is “configured to”
perform a task or operation is particularly structurally formed, constructed, or adapted in a
manner corresponding to the task or operation. For purposes of clarity and the avoidance
of doubt, an object that is merely capable of being modified to perform the task or
operation is not “configured to” perform the task or operation as used herein. Instead, the
use of “configured to” as used herein denotes structural adaptations or characteristics, and
denotes structural requirements of any structure, limitation, or element that is described as
being “configured to” perform the task or operation. For example, a processing unit,
processor, or computer that is “configured to” perform a task or operation may be
understood as being particularly structured to perform the task or operation (e.g., having
one or more programs or instructions stored thereon or used in conjunction therewith
tailored or intended to perform the task or operation, and/or having an arrangement of
processing circuitry tailored or intended to perform the task or operation). For the
purposes of clarity and the avoidance of doubt, a general purpose computer (which may
become “configured to” perform the task or operation if appropriately programmed) is not
“configured to” perform a task or operation unless or until specifically programmed or

structurally modified to perform the task or operation.

[0073] As wused herein, the terms “software” and “firmware” are

interchangeable, and include any computer program stored in memory for execution by a
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computer, including RAM memory, ROM memory, EPROM memory, EEPROM
memory, and non-volatile RAM (NVRAM) memory. The above memory types are
exemplary only, and are thus not limiting as to the types of memory usable for storage of

a computer program.

[0074] 1t is to be understood that the above description is intended to be
illustrative, and not restrictive. For example, the above-described embodiments (and/or
aspects thereof) may be used in combination with each other. In addition, many
modifications may be made to adapt a particular situation or material to the teachings of
the various embodiments without departing from their scope. While the dimensions and
types of materials described herein are intended to define the parameters of the various
embodiments, they are by no means limiting and are merely exemplary. Many other
embodiments will be apparent to those of skill in the art upon reviewing the above
description. The scope of the various embodiments should, therefore, be determined with
reference to the appended claims, along with the full scope of equivalents to which such
claims are entitled. In the appended claims, the terms "including”" and "in which" are
used as the plain-English equivalents of the respective terms "comprising” and "wherein."

nn

Moreover, in the following claims, the terms "first,” "second," and "third," etc. are used
merely as labels, and are not intended to impose numerical requirements on their objects.
Further, the limitations of the following claims are not written in means-plus-function
format and are not intended to be interpreted based on 35 U.S.C. § 112(f) unless and until
such claim limitations expressly use the phrase “means for” followed by a statement of

function void of further structure.

[0075] This written description uses examples to disclose the various
embodiments, including the best mode, and also to enable any person skilled in the art to
practice the various embodiments, including making and using any devices or systems
and performing any incorporated methods. The patentable scope of the various
embodiments is defined by the claims, and may include other examples that occur to
those skilled in the art. Such other examples are intended to be within the scope of the

claims if the examples have structural elements that do not differ from the literal language

28-



WO 2017/160531 PCT/US2017/021153

of the claims, or the examples include equivalent structural elements with insubstantial

differences from the literal language of the claims.
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WHAT IS CLAIMED IS:

1. An imaging system for progressively imaging a patient during a single patient

visit comprising:

an imaging unit of a first imaging modality, the first imaging modality comprising
one of X-ray, computed tomography (CT), nuclear medicine imaging (NM), photon
emission tomography (PET), single photon emission computed tomography (SPECT), or

magnetic resonance imaging (MRI);
a display unit; and

at least one processor operably coupled to the imaging unit and the display unit,

the at least one processor configured to:

acquire a first type of diagnostic imaging information of the patient from

the first imaging modality with the imaging unit;

reconstruct a first image using the first type of diagnostic imaging

information;
display, via the display unit, the first image;

if a first stop criterion for terminating imaging is not satisfied, acquire a
second type of diagnostic imaging information of the first imaging modality with
the imaging unit, the second type of diagnostic imaging information having an
increased level of acquisitional burden relative to the first type of diagnostic

imaging information;

reconstruct a second image using the second type of diagnostic imaging

information;
display, via the display unit, the second image;

if a second stop criterion for terminating imaging is not satisfied, acquire a

third type of diagnostic imaging information of the first imaging modality with the
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imaging unit, the third type of diagnostic imaging information having an increased
level of acquisitional burden relative to the second type of diagnostic imaging
information, wherein the patient is maintained on a table of the imaging unit
during the acquisition of the second type of diagnostic imaging information,
reconstruction of the second image, and acquisition of the third type of diagnostic

imaging information;

reconstruct a third image using the third type of diagnostic imaging

information; and

display, via the display unit, the third image.

2. The imaging system of Claim 1, wherein the at least one processor is further
configured to determine that a given stop criterion is not satisfied if an input
corresponding to a satisfaction of the given stop criterion is not received within a

predetermined amount of time after displaying a corresponding image.

3. The imaging system of Claim 1, further comprising a second imaging unit of a
second modality that is different than the first modality, wherein the at least one processor
is configured to acquire additional imaging information using the second imaging unit

after acquiring the third type of diagnostic imaging information.

4. The imaging system of Claim 1, wherein the first type of diagnostic information is
non-contrast computed tomography (CT) information, and the first stop criterion
corresponds to a determination of a level of bleeding corresponding to hemorrhagic

stroke.

5. The imaging system of Claim 4, wherein the second type of diagnostic imaging
information is multi-phase CT angiography (CTA) and the second stop criterion

corresponds to determination of a sufficient level of collateral filling of blood vessels.

6. The imaging system of Claim 5, wherein the third type of diagnostic imaging

information is CT perfusion information.
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7. The imaging system of Claim 1, wherein the at least one processor is configured
to automatically perform a predetermined postprocessing on the second type of diagnostic
imaging information responsive to reconstructing the second type of diagnostic imaging
information, and to perform a different predetermined postprocessing on the third type of
diagnostic imaging information responsive to reconstructing the third type of diagnostic

imaging information.

8. A method of progressively imaging a patient during a single patient visit, the

method comprising:

acquiring a first type of diagnostic imaging information of the patient from a first
imaging modality with a first imaging unit, wherein the first imaging modality comprises
one of X-ray, computed tomography (CT), nuclear medicine imaging (NM), photon
emission tomography (PET), single photon emission computed tomography (SPECT), or

magnetic resonance imaging (MRI);

reconstructing a first image using the first type of diagnostic imaging information;

analyzing the first image to determine if a first stop criterion for terminating

imaging is satisfied by the first image;

responsive to a determination that the first stop criterion has been met, terminating

imaging;

responsive to a determination that the first stop criterion has not been met,
acquiring a second type of diagnostic imaging information of the first imaging modality
with the first imaging unit, the second type of diagnostic imaging information having an
increased level of acquisitional burden relative to the first type of diagnostic imaging

information;

reconstructing a second image using the second type of diagnostic imaging

information;

analyzing the second image to determine if a second stop criterion for terminating

imaging is satisfied by the second image;
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responsive to a determination that the second stop criterion has been met,

terminating imaging;

responsive to a determination that the second stop criterion has not been met,
acquiring a third type of diagnostic imaging information of the first imaging modality
with the first imaging unit, the third type of diagnostic imaging information having an
increased level of acquisitional burden relative to the second type of diagnostic imaging
information, wherein the patient is maintained on a table of the first imaging unit during
the acquiring the second type of diagnostic imaging information, reconstructing the
second image, analyzing the second image, and acquiring the third type of diagnostic

imaging information; and

reconstructing a third image using the third type of diagnostic imaging

information.

9. The method of Claim 8, further comprising performing a subsequent imaging after
acquiring the third type of diagnostic imaging information, the subsequent imaging using

a second imaging modality that is different than the first imaging modality.

10. The method of Claim 8, wherein the first type of diagnostic imaging information
is non-contrast computed tomography (CT) information, and the first stop criterion is

determination of a level of bleeding corresponding to hemorrhagic stroke.

11. The method of Claim 10, wherein the second type of diagnostic imaging
information is multi-phase CT angiography (CTA), and the second stop criterion is

determination of a sufficient level of collateral filling of blood vessels.

12. The method of Claim 11, further comprising determining a location of a clot using

the second type of diagnostic imaging information.

13. The method of Claim 11, wherein the third type of diagnostic imaging information

is CT perfusion information.

14. The method of Claim 8, further comprising automatically performing a

predetermined postprocessing on the second type of diagnostic imaging information
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responsive to reconstructing the second type of diagnostic imaging information and a
different predetermined postprocessing on the third type of diagnostic imaging

information responsive to reconstructing the third type of diagnostic imaging information.

15. A tangible and non-transitory computer readable medium comprising one or more

computer software modules configured to direct one or more processors to:

acquire a first type of diagnostic imaging information of the patient from a first
imaging modality with a first imaging unit, wherein the first imaging modality comprises
one of X-ray, computed tomography (CT), nuclear medicine imaging (NM), photon
emission tomography (PET), single photon emission computed tomography (SPECT), or

magnetic resonance imaging (MRI);
reconstruct a first image using the first type of diagnostic imaging information;

analyze the first image to determine if a first stop criterion for terminating

imaging is satisfied by the first image;
responsive to a determination that the first stop criterion has been met, terminate
imaging;

responsive to a determination that the first stop criterion has not been met, acquire
a second type of diagnostic imaging information of the first imaging modality with the
first imaging unit, the second type of diagnostic imaging information having an increased

level of acquisitional burden relative to the first type of diagnostic imaging information;

reconstruct a second image using the second type of diagnostic imaging

information;

analyze the second image to determine if a second stop criterion for terminating

imaging is satisfied by the second image;

responsive to a determination that the second stop criterion has been met,

terminate imaging;
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responsive to a determination that the second stop criterion has not been met,
acquire a third type of diagnostic imaging information of the first imaging modality with
the first imaging unit, the third type of diagnostic imaging information having an
increased level of acquisitional burden relative to the second type of diagnostic imaging
information, wherein the patient is maintained on a table of the first imaging unit during
the acquiring the second type of diagnostic imaging information, reconstructing the
second image, analyzing the second image, and acquiring the third type of diagnostic

imaging information; and
reconstruct a third image using the third type of diagnostic imaging information.

16. The tangible and non-transitory computer readable medium of Claim 15, wherein
the first type of diagnostic imaging information is non-contrast computed tomography
(CT) information, and the first stop criterion is determination of a level of bleeding

corresponding to hemorrhagic stroke.

17. The tangible and non-transitory computer readable medium of Claim 16, wherein
the second type of diagnostic imaging information is multi-phase CT angiography (CTA),
and the second stop criterion is determination of a sufficient level of collateral filling of

blood vessels.

18. The tangible and non-transitory computer readable medium of Claim 17, wherein
the computer readable medium is further configured to determine a location of a clot

using the second type of diagnostic imaging information.

19. The tangible and non-transitory computer readable medium of Claim 18, wherein

the third type of diagnostic imaging information is CT perfusion information.

20. The tangible and non-transitory computer readable medium of Claim 15, wherein
the computer readable medium is further configured to automatically performing a
predetermined postprocessing on the second type of diagnostic imaging information
responsive to reconstructing the second type of diagnostic imaging information and a
different predetermined postprocessing on the third type of diagnostic imaging

information responsive to reconstructing the third type of diagnostic imaging information.

-35-



WO 2017/160531 PCT/US2017/021153

1/8
100
104 1%0 &
— ] < 102
14:0 Processing
' ion |-1122
Output Reconstruction
150 Determination |1 124
Input Control -1 126
Memory {128

FIG. 1



WO 2017/160531 PCT/US2017/021153
2/8
200
Faosition object 002
208 ¥
- Select progressive imaging routine o004
Acqguire @
non-contrast CT Acquire first type of imaging information 1 _»qg
information v
Reconstruct first image 910
Automatically post-process firstimage 949
Determine if level ¥
of bleeding Analyze first image 214
corresponds to |
hemorrhagic stroke | 216 ;
Terminate
imaging
Acquire 224 220
multi-phase CTA Acquire second type of imaging informationt— 595
information @
Reconstruct second image 296
232 1
Determine level Automatically post-process second image |
of collateral y postp J 228
filing ¥
Analyze second image 230
Determine
iocation of clot | Terminate
234 imaging
S 242 N
Acguire CT - - o — - , 28
perfusion Acquire third type of imaging information - s4q
information ¥
Reconstruct third image 244
Automatically post-process third image | _o4g
Analyze third image 248
Perform fourth imaging acquisition 350

FIG. 2



PCT/US2017/021153

WO 2017/160531

3/8

€ Ol

s

uonziniyues

| Japio [000101d BAES |
[2fgxSl noAe abed 1900104

| Pud | m
niomiay Ag usieeg

m AU 510001044 AN MOUS B _

EXCDED)

SOUIT JOMO™T]

squir saddny

sudg

UBLIo POy

RIPIRD

8Y0NQISE | Pl
85005158 4 PRI

YDA S0NS O suogoiny O
134 © sisfeuy pssep O
ucieasiBay paieibay O JBINDSBA O

sojpeedoyuo O

fuipeay 1884 O

Afisjooup O Qp uoisniled 10 O

SNONS 1584 B

saiseg O

LPESH, Ul

B (D] uoneo)dde su) o) yoeg]

IBMBIA BLUNOA

-

0Z8

-0i€



PCT/US2017/021153
4/8

WO 2017/160531

¥ Ol

0¥

= 0Ly

K SIBI0LLY/BINSEAIA i LORBZHBNSIA R ;
wy=imBcan /Yl Bexeoumall [gh

(Eeiuon-toni+| | mil-




PCT/US2017/021153
5/8

WO 2017/160531

B
lusizd ppy
ﬁ | w

LG - SNIHL SAVTIRA HIMAN+H VIS ¥
TTAGE - SNIHL SAVTEO HUM N+H VIO b
TTRLG - SNIML SAVTIEO HUIM N+H V1O ¢

m T8 - SNIHL SAVTEAQ HIMM N+H YLD .i%
sebeiit g2 - GNLS Q¥IH 2

T OIN/QYIH OIONY 10 'pi0222 484 10
m sebBlll ghy - 095/00G PALIGH NOISNANId .Nwﬁ
TNOISNAMTAL AY3H 10 VL2 22 984 10
sebeull 061 - INTYAG-LLININ AT XY R
AVIH-NIvEE HIN v10Z 67 g8 "dIN

g1

s cieicUuy/aInseayy lle LonBZHENSIA

SMaIA Ol saties dosp pur Beig

FEFED wass\l meann,/ X Be xo0ns]

BO-¢ - [2ip 1000 (siemsieiion {spioies § jsenuon-uon]=] | @l#|s | <] 11 Juened Wi 5B




PCT/US2017/021153

6/8

9 Old

WO 2017/160531

o uonEiswbag SIRIOULY/SINSROA
wEY =Sl meawrl,/ X
WN_> o0 {sieisrliond spoted A wmmzcooéozm 1 m ﬁmﬁ.m»

ozo 7 0lg— 009

Al
A w1




PCT/US2017/021153

WO 2017/160531

718

| doig J{ emnduwen

|aAS] UDISTHOXS [9SEOA
syl 1snipe AjjeoruBuAp
01 J8pijs aui sy

p -

%001 %0
UOISRIOXa 19853

Z e e )
L2 afiew;
ustiaauByug-add 1587

{z#0u Mooy mousg

1013818 WaA

Loy ApoplfiOy mous
i0108)ag Alsuy

£ LoISNjisd uikig |0 =

fustied PPV

)

TLGE - SMIHE SAVIIO HLIIMN+H VLD b
LGC - SNIHL SAYIET HIIMN+H YLD ¥
T8LG - SNIHL SAYTIO HLUMN+H YLD ¥
THECLL - SNIHL SAVIIO HLIM N+H VLD .w\..w_

sebewl §2 - ONLS OvIH Z
TOIN/OVYEH OIONY L0 ‘P02 22684 10

m 5808UH ghy - 085008 PAUSH NOISNANEd NTTM

TNOISNAMEAG GYEH LD 102 82 d8d LD

) ) OYIH-NIVHE N P1L0T 67 d484 "HUIN
s nodxy 1181 fo  21B10UUY/RINSBAYY UONBZIBNSIA ol
1)) B loe By BRLEI XiES X @@@@_m SMBIA 01l Saues doip pue Beig
B {Q-8-48 | uoneouIssed SNSSLIUOISNUBEZIA J0j0D) {siesoieyoD {sprioses) { 15BHUBT-UON] & mﬁm&_» <] 1817 ushe 1y BB
&
02l

> 004



WO 2017/160531 PCT/US2017/021153

8/8
972
\ 900
(') }{
964 -
922 7 970 962
Z Table ¥ /
motor i B— I D
coniroller ===
e - v60
X-ray ' s Computer Operator
controller ! 71 console
{
Ganiry motor ] o
controlier ! , Storage
; i & O
( i | i,
| 918 3
946 i
= DAS i image 902
g ; reconstructor
948 ! ’
____________ 4 )
950




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/021153

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B6/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X ENRIQUE MARCO DE LUCAS ET AL:

for General Radiologists",
RADIOGRAPHICS.,
vol. 28, no. 6,

1673-1687, XP055380936,
us

abstract

section "CT Protocol"
section "CT Angiography"
figure 7

Protocol for Acute Stroke: Tips and Tricks

1 October 2008 (2008-10-01), pages

ISSN: 0271-5333, DOI: 10.1148/rg.286085502

"CT 1-7,

15-20

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

14 June 2017

Date of mailing of the international search report

26/06/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Montes, Pau

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/021153

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X MILES K A ET AL: "Perfusion CT: a 1-7,
worthwhile enhancement?", 15-20
BRITISH JOURNAL OF RADIOLOGY, BRITISH
INSTITUTE OF RADIOLOGY, LONDON, GB,

vol. 76, 1 April 2003 (2003-04-01), pages
220-231, XP002529838,

ISSN: 0007-1285, DOI: 10.1259/BJR/13564625
abstract

section "Acute stroke"

A US 2011/110486 Al (BOUHNIK JEAN-PAUL [IL] 1-7,
ET AL) 12 May 2011 (2011-05-12) 15-20
paragraph [0026]
figure 2

Form PCT/ISA/210 (continuation of second sheet) (April 2005)



International application No.
INTERNATIONAL SEARCH REPORT PCT/US2017/021153
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

see FURTHER INFORMATION sheet PCT/ISA/210

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ US2017/021153

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.1

Claims Nos.: 8-14

Independent method claim 8 defines a method of progressively imaging a
patient during a single patient visit. Said method includes the step of
acquiring a first type of diagnostic imaging information of the patient,
which corresponds to an examination phase, and the step of analysing the
first image to determine if a first stop criterion is satisfied. Said
latter step could be, as indicated in par. [0019] of the description, the
determination of whether the patient is experiencing hemorrhagic stroke,
which implies comparing the acquired data with standard values, finding
any significant deviation and attributing said deviation to a particular
clinical picture (hemorrhagic stroke). Hence, said method is considered
to be a diagnostic method practised on the human or animal body and has,
therefore, not been searched (Art. 17(2)(a)(i) and R. 39.1(iv) PCT).




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2017/021153
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2011110486 Al 12-05-2011 DE 112010004343 T5 13-12-2012
JP 5719375 B2 20-05-2015
JP 2013510643 A 28-03-2013
US 2011110486 Al 12-05-2011
US 2015313567 Al 05-11-2015
WO 2011059584 Al 19-05-2011

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - wo-search-report
	Page 46 - wo-search-report
	Page 47 - wo-search-report
	Page 48 - wo-search-report
	Page 49 - wo-search-report

