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(57) ABSTRACT

Scan timing of contrast agent study is provided. Ultrasound is
used to determine timing of contrast agent inflow and/or
outflow. The timing based on the ultrasound scanning con-
trols scanning for MR or CT imaging. The MR or CT contrast
agent imaging for MR or CT contrast agents may be synchro-
nized using the ultrasound contrast agent flow.
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SYSTEM SCAN TIMING BY ULTRASOUND
CONTRAST AGENT STUDY

BACKGROUND

[0001] The present embodiments relate to contrast agent
imaging. In particular, timing of scan acquisition is provided
for medical diagnostic contrast agent imaging.

[0002] Contrast agents are used in various types of medical
diagnostic imaging. For ultrasound, the contrast agents are
microspheres that reflect acoustic energy. The flow of contrast
agents into a region (inflow or wash-in) and out of the region
(outflow or wash-out) may be monitored with ultrasound
scanning. The inflow and outflow may assist in diagnosis of
problems in the circulatory system ofthe patient. Perfusion of
contrast agents may be used to assist diagnosis of organs of
the patient. Ultrasound scanning occurs sufficiently rapidly
compared to the flow of the contrast agents to allow monitor-
ing of the inflow and outflow. However, the microspheres may
collapse due to the acoustic energy used for scanning, and
ultrasound imaging may have relatively poor signal-to-noise
ratio as compared to other types of scanning.

[0003] For magnetic resonance (MR) imaging, the contrast
agents are gadolinium-based materials. MR scanning may
occur relatively slowly as compared to the flow of contrast
agents. A given scan for MR imaging takes sufficiently long
relative to the movement of contrast agents that tracking
inflow or outflow may be unreliable in some situations. The
MR scan process may extend over a period in which different
concentrations of contrast agent occur within a region, pro-
viding poor temporal resolution.

[0004] For computed tomography (CT) imaging, the con-
trast agents are iodine-based materials. CT scans may be
performed relatively rapidly compared to the rate of flow. To
monitor the flow, multiple CT scans are performed so that the
inflow and/or outflow are not missed. However, scanning
multiple times with CT results in increased radiation dose.
This may be aconcern particularly where scans are performed
before contrast agents even arrive at and/or after leaving the
scan region in order to not miss the arrival or outflow.

BRIEF SUMMARY

[0005] By way of introduction, the preferred embodiments
described below include methods, systems, instructions, and
computer readable media for scan timing. Ultrasound is used
to determine timing of contrast agent inflow and/or outflow.
The timing based on the ultrasound scanning controls scan-
ning for MR or CT imaging. The MR or CT imaging for MR
or CT contrast agents may be synchronized using the ultra-
sound contrast agent flow.

[0006] 1In a first aspect, a method is provided for scan tim-
ing. A first region of a patient is scanned with ultrasound.
Ultrasound contrast agents in the first region are detected
from the scanning. A timing of the detection of the ultrasound
contrast agents in the first region is determined. The first
region or a second region of the patient is scanned with a
magnetic resonance or computed tomography system. The
scanning with the magnetic resonance or computed tomog-
raphy system is triggered based on the timing.

[0007] In a second aspect, a system is provided for scan
timing. An ultrasound scanner is configured to monitor first
contrast agents in a patient. An imaging system other than the
ultrasound scanner is configured to monitor second contrast
agents in the patient. An interface connects between the ultra-
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sound scanner and the imaging system. The imaging system
is configured to time acquisition of data representing the
second contrast agents where the timing of the acquisition is
a function of data representing the first contrast agents from
the ultrasound scanner.

[0008] Inathirdaspect,anon-transitory computer readable
storage medium has stored therein data representing instruc-
tions executable by a programmed processor for contrast
agent imaging. The storage medium includes instructions for
timing acquisition of a magnetic resonance or computer
tomography contrast agent image, the timing based on con-
trast agents detected with ultrasound, and acquiring the con-
trast agent image in response to the timing.

[0009] The present invention is defined by the following
claims, and nothing in this section should be taken as a limi-
tation on those claims. Further aspects and advantages of the
invention are discussed below in conjunction with the pre-
ferred embodiments and may be later claimed independently
or in combination.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The components and the figures are not necessarily
to scale, emphasis instead being placed upon illustrating the
principles of the invention. Moreover, in the figures, like
reference numerals designate corresponding parts throughout
the different views.

[0011] FIG. 1isaflow chart diagram of one embodiment of
a method for scan timing for contrast agent imaging;

[0012] FIG. 2 illustrates example timing relationships
between ultrasound and MR/CT scans for calibration of scan
timing in contrast agent studies;

[0013] FIG. 3 illustrates example timing relationships
between ultrasound and MR/CT scans for real-time trigger-
ing in contrast agent studies;

[0014] FIG. 4 is a block diagram of one embodiment of a
system for scan timing using contrast agents; and

[0015] FIG. 5is a combined MR and ultrasound system for
timing scans, according to one embodiment of FI1G. 4.

DETAILED DESCRIPTION OF THE DRAWINGS
AND PRESENTLY PREFERRED
EMBODIMENTS

[0016] For MR or CT imaging, the arrival of an MR or CT
contrast agent bolus in a region is of interest, such as for
angiographic scans. In MR or CT, such detection of contrast
agent arrival may be accomplished, but poses challenges
including low sampling speed in MR and ionizing doses in
CT.

[0017] MR or CT acquisition timing is established using
ultrasound contrast agent detection. The combination of CT
or MR and ultrasound imaging of contrast agents is used as
one system to measure and/or calibrate for the use of contrast
agents during scanning. The scanning time adapts for each
patient’s conditions and/or characteristics. Ultrasound pro-
vides timing information by tracking the arrival, wash-in
and/or wash-out time of an ultrasound contrast agent. This
timing is used for the MR or CT scan.

[0018] In one approach, the MR or CT timing is calibrated
to the patient in their current state. Ultrasound contrast agent
is injected to form a test bolus. The time from injection for the
testbolus to reach, peak, or pass through the region of interest
is used for the MR or CT scanning. After injection of the MR
or CT contrast agent, the scanning by the MR or CT system
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begins at a time established by the time for the test bolus to
have reached, peaked, or passed through the region of intet-
est.

[0019] Rather than or in addition to calibration, real-time
detection is used. Detection of ultrasound contrast agent by an
ultrasound system triggers the acquisition of the MR or CT
scan for the bolus of MR or CT contrast agents. Rather than
using a separate test bolus, the ultrasound and MR or CT
contrast agents are injected in quick succession or are mixed.

[0020] In either approach, custom scanning is provided for
every patient. The timing of MR or CT scans is individual-
ized. The timing of contrast agent scans for patients with
different conditions and/or flow is optimized to the patient.
Using this timing may reduce the radiation exposure to the
patient, time slower acquisition to acquire the data of interest,
and/or improve the scanning speed and resolution of the
region of interest.

[0021] FIG. 1 shows one embodiment of a method for scan
timing in contrast agent imaging. The method is implemented
with the system of FIG. 4, the system of FIG. 5, or a different
system. An ultrasound scanner is used with an MR or CT
scanner. Other imaging modalities than MR or CT may be
used.

[0022] The acts are performed in the order shown or a
different order. Additional, different or fewer acts may be
provided. For example, act 94 is not performed.

[0023] Themethod uses timing determined with ultrasound
scanning for contrast agents to trigger MR or CT scanning for
contrast agents. Triggering is used to start, stop, or control the
duration of the scanning. The scanning may be performed for
calibration timing. Using ultrasound, the time for contrast
agents to reach a region of interest from injection is calcu-
lated. The time is used to trigger MR or CT scanning after
later injection of MR or CT contrast agents. The scanning
may alternatively or additionally be performed for real-time
timing. Using a mix of types of contrast agent in one bolus or
injecting different types of contrast agents in rapid succes-
sion, the detection of ultrasound contrast agents is used to
start the MR or CT scanning.

[0024] The start and/or end time of the MR or CT scan is
based on the timing determined from the ultrasound scan.
Alternatively or additionally, the duration of the MR or CT
scan is based on the timing determined from the ultrasound
scan. The contrast agents may take longer to flow to some
regions than others. By detecting this difference using ultra-
sound, the difference may be used to optimize the duration or
sequence for MR or CT scanning.

[0025] For use with MR or CT scanning, an acoustic array
of elements is positioned against or within the patient. For
MR, the acoustic array may be within a bore ofa MR system
or just outside the bore. The array 1s positioned on the patient
bed or on the patient. When the patient is moved into the bore
for MR imaging, the array may also moved within or may be
within the bore. The acoustic array and any associated elec-
tronics are shielded and used in an interleaved manner with
the MR scans to limit electromagnetic interference.

[0026] In act 80, ultrasound contrast agent is injected into
the patient. Using an intravenous catheter, syringe, or other
device, a bolus of contrast agent is injected. A pump or
manual force may be used to force the bolus into the circula-
tory system of the patient.
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[0027] The ultrasound contrast agent is any now know or
later developed contrast agent. For example, the contrast
agent is a plurality of microspheres surrounding gas. The
microspheres may be coated.

[0028] The location of injection may be anywhere in or on
the patient. In one embodiment, the bolus is injected within a
vein in the leg of the patient. Injections through a catheter at
or near the heart may be used in other embodiments.

[0029] 1In act 82, a region of a patient is scanned with
ultrasound. The region is selected by image processing or by
the user. For example, the user positions the transducer to
scan the heart, arteries, veins, other portion of the circulatory
system, or combinations thereof. The transducer may be posi-
tioned manually or robotically to scan veins and/or arteries in
the leg of the patient. The transducer may be positioned to
scan the carotid artery in the neck of the patient. The region of
interest is established by directing the transducer to the
desired scan plane or volume.

[0030] The region of interest may be further specified by
detecting locations of interest within the field of view. For
example, automated or manual detection of flow regions is
performed. The user may input a box or other region of
interest on an image.

[0031] The region of interest identification and scanning is
performed after injecting the contrast agent in act 80. The
region of interest identification and scanning may be per-
formed before injecting. For example, the patient is scanned
to find the region of interest prior to injection. After designat-
ing the region of interest, the transducer array is maintained in
position and contrast agents are injected in act 80. Scanning
continues to be performed during and after injection.

[0032] The patient is scanned by transmission of acoustic
energy to the region of interest and receiving echoes respon-
sive to the transmitting from the region of interest. The scan-
ning is for a two-dimensional area or a three-dimensional
volume. Any type of scan for detecting contrast agents may be
used, such as for color Doppler, power Doppler, or B-mode.

[0033] The volume or area is scanned with electronic,
mechanical, or both electronic and mechanical steering. A
plurality of sequential transmit and receive events are per-
formed to scan with ultrasound. In one example, broad trans-
mit beams are formed for receiving respective pluralities of
receive beams (e.g., receive sixteen or more receive beams in
parallel in response to each transmit beam). Any scan format
may be used, such as linear, sector, or Vector®.

[0034] To scan avolume rapidly (i.e., higher temporal reso-
lution), a single pulse technique is used. For example,
B-mode detection determines the intensity of the echoes for a
given location in response to a single transmit beam. A pulse
of acoustic energy is generated from one or more elements of
a transducer. Each element generates acoustic energy for the
pulse in response to electrical waveforms. Each electrical
waveform may include one or more cycles, suchas 1.5 cycles.
Multiple transmit pulses are generated for scanning different
locations in the volume. Other single pulse techniques may be
used.

[0035] Inotherembodiments, multiple pulse detection may
be used, such as receiving along a given scan line multiple
times in response to multiple transmit pulses. Multiple pulse
detection includes Doppler detection or phase inversion
imaging. Combinations may be provided, such as scanning
one portion of the volume with single pulses and another
portion with multiple pulses per receive scan line.
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[0036] The temporal resolution may be increased by using
fewer receive and/or transmit scan lines with or without
sparse sampling. Low spatial resolution allows for fewer
transmit and respective receive events to scan the entire vol-
ume. Lowering the spatial resolution increases the frame rate.
Other approaches, such as transmission with larger or more
spread out wave fronts and more parallel receive beamforma-
tion, may be used to increase the frame rate for the volume
scan.

[0037] Ultrasound data is received in response to the trans-
mit pulses. Acoustic echoes reflect back to the transducer
array or elements. The elements convert the acoustic echoes
into electrical energy. The received ultrasound data is channel
data output for each element, beamformed data, or detected
data. For example, the ultrasound data is beamformed data
representing one or more (e.g., 16) receive scan lines. The
ultrasound data is formed from analog information or digital
samples.

[0038] The transmitting and receiving are repeated sequen-
tially to scan the volume or area. Alternatively, a single trans-
mit or broad beam transmit may be used. A frame of data
representing the entire volume is acquired in response to one
transmission. For multiple pulse detection techniques, the
transmission for scanning the entire volume may be repeated.
[0039] For ultrasound scanning while also performing MR
or CT scanning, the scans may be operated independently of
each other. Simultaneous scanning may be provided. In one
embodiment, the scanning and receiving with ultrasound is
interleaved with scanning with MR or CT. Any interleaving
may be performed, such as scanning the volume partially, one
time, or a plurality of times for each of the ultrasound and the
MR or CT scans. In one embodiment, the ultrasound scanning
is performed without MR or CT scans to establish the timing,
and then CT or MR scans are performed without ultrasound
scans based on the timing.

[0040] The ultrasound data is acquired repetitively. Data
representing the region of interest at different times is repeti-
tively acquired to monitor for the ultrasound contrast agents.
For example, a succession of ultrasound images is acquired
during or before MR or CT imaging and while contrast agents
are administered. For calibration, the ultrasound images or
data are acquired while the ultrasound contrast agent is
administered. For real-time triggering, the ultrasound images
or data are acquired while both ultrasound and MR or CT
contrast agents are administered.

[0041] In oneembodiment, the scan is performed multiple
times. For example, the volume is scanned a plurality oftimes
during a portion of a heart cycle. As another example, the
volume is scanned a plurality of times during one or more
heart cycles. Any frame rate may be provided, such as scan-
ning 20, 30, or more times in a second or in a heart cycle.
Scanning and receiving may be performed for other physi-
ological cycles, such as the breathing cycle.

[0042] Inact 84, ultrasound contrast agents in the region of
interest are detected from the ultrasound scanning. The scan-
ning may begin anytime before contrast agents enter the
region of interest or before the contrast agent event of interest.
As the scanning repeats, the entry or inflow of contrast agents
may be detected. By detecting contrast agents in the region,
the initial inflow, continuing inflow, outflow, and/or complete
outflow may be detected.

[0043] The number of locations associated with contrast
agents may be used to determine the initial inflow or comple-
tion of outflow. For example, when a threshold signal strength
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from an aggregate of detected contrast agents is detected, the
initial inflow may be detected. The peak number of locations
associated with contrast agent may indicate the completion of
inflow and the beginning of outflow. Any technique for des-
ignating relative times at which events occur may be used.
[0044] The inflow and outflow occurrences may be
detected at different times and/or for different parts of the
region of interest. For example, the contrast agent may wash
out of an artery in the leg before inflow and/or outflow in a
vein where both the artery and vein are in the region of
interest. Similarly, different inflow and outflow timing may
occur in the heart.

[0045] The detection of the times of inflow and/or outflow
relies on detection of contrast agents. The contrast agents may
be detected with ultrasound using Doppler, B-mode or other
imaging techniques. Contrast agents may be detected in
response to single pulses for each scan line, such as using
B-mode or intensity detection. To distinguish contrast agent
response from tissue or fluid response, filtering may be used.
For example, contrast agents may have a stronger response at
a harmonic (e.g., second or higher or fractional harmonic) of
a fundamental transmit frequency than tissue or fluid. A dif-
ference in image intensity over time may be used to distin-
guish contrast agents from tissue or fluid since the contrast
agent is generally transient and the tissue and fluid response
are not.

[0046] Multiple pulse techniques may be used, such as
transmitting with phase differences and adding or subtracting
the responses to distinguish contrast agents from tissue or
fluid. Phase inversion using two transmit pulses with opposite
phase and combining the received signals may be used. In
addition or alternative to different phases and/or amplitudes
for transmitted pulses, different weights of the receive signals
may be used.

[0047] In one embodiment, a non-linear fundamental
response of the contrast agents is detected. The detection
relies on combinations of signals from a plurality of transmit
pulses. The received echoes from each transmission are com-
bined to detect contrast agent response. For example, three or
more receive signals representing a same location are com-
bined to determine the nonlinear fundamental response at the
location. The corresponding transmit pulses have different
phases and amplitudes. Nonlinear fundamental response is
greater for contrast agents than tissue, so provides good speci-
ficity. Other contrast agent detection may be used.

[0048] Use of multiple pulses may be slower than single
pulse detection. For example, using three transmit pulses with
different phases and/or amplitudes and combining the
responsive echo signals scans three times slower than single
pulse B-mode detection fora same spatial resolution and scan
size. Two pulse-based techniques are twice as slow as corre-
sponding single pulse B-mode or filtered harmonic B-mode
techniques.

[0049] In act 86, timing of the detection of the ultrasound
contrast agents is determined. The timing is of wash-in, wash-
out, arrival, or completion. Any threshold number of fluid
locations, average response from the fluid locations, or other
calculation of contrast agent density or presence may be used.
[0050] The timing is relative to any event. For example, the
timing is of the occurrence itself. In a real-time triggering
approach, the time at which contrast agent is detected at the
location or locations of interest is used. As another example,
the timing is relative to an initial event, such as the injection
of the contrast agents. The amount of time for the contrast
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agent bolus from injection until occurrence of the event of
interest in the region of interest is calculated. For calibration,
the time from the injection of the bolus of ultrasound contrast
agents into the patient to initial detection of the ultrasound
contrast agents at the region is used. The calibration may be
for the peak or other event depending on the desired MR or
CT contrast agent study.

[0051] The timing for multiple events may be determined.
For example, the arrival of contrast agents in the region of
interest and the exit of contrast agents in the region of interest
is determined. The timing of the arrival, wash-in and wash-
out time of the contrast agent may be determined. In one
embodiment, the timing is for duration. The time from begin-
ning to end of wash-in, wash-out, or both is determined.

[0052] The timing may be location specific. For example,
the region of interest may include locations with different
arrival, inflow, outflow, or other times. The timing is deter-
mined for the sub-region of interest. In one embodiment, the
timing is for a period from arrival at any location in the region
of interest and exit from the last location in the region of
interest. In another embodiment, the timing is for arrival at a
specific location or locations, exit from the specific location
or locations, and/or a period between the two. The timings
may be different for different blood vessels in the field of view
or region of interest. For example, if some blood vessels fill
much later than the main vessel, the ultrasound scanning and
detection indicate the timing for the desired vessel or vessels,
allowing the MR or CT acquisition to spend more time, have
a start time, or have an end time for the desired location in
order to not miss the dynamics of the late filling vessels.

[0053] Inact90,contrast agents for MR or CT scanning are
injected. Any now known or later developed MR contrast
agent may be used, such as gadolinium-based contrast agents.
Any now known or later developed CT contrast agents may be
used, such as iodine-based contrast agents.

[0054] The same location, pump, technique, and device
may be used for the MR or CT contrast agents as for the
ultrasound contrast agents. In one embodiment, the MR or CT
contrast agents and the ultrasound contrast agents are mixed
together. In another embodiment, contrast agents detectable
by both ultrasound and MR or CT are used, such as micro-
spheres made of or enclosing iodine or gadolinium-based
materials.

[0055] In an alternative embodiment, different pumps or
devices are used. The location of injection is the same or
close. The timing of the injections may be the same. Given
different locations ofinjection, injecting at the same time may
lead to one bolus (e.g., ultrasound contrast agent) arriving at
the region of interest earlier. Sequential injection at the same
or different locations may be used for the same differential
arrival. This sequential provision of the different types of
contrast agents occurs on a time scale small compared to the
time for the boluses to progress to the region of interest.

[0056] In another embodiment for calibration, the injec-
tions are not timed relative to each other. The ultrasound
contrast agents are injected for determining the timing. The
timing is then used whenever the MR or CT contrast agents
are later injected.

[0057] In act 88, the timing of acquisition of MR or CT
contrast agent data is performed. Using the timing informa-
tion based on contrast agents detected with ultrasound, the
timing of the MR or CT acquisition is controlled. The MR or
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CT acquisition of act 92 is synchronized with the MR or CT
contrast agent based on the timing from the ultrasound con-
trast agents.

[0058] The acquisition timing is performed by triggering
the MR or CT scanning based on the timing determined in act
86. The triggering is by a control input to the MR or CT
system. Alternatively, the triggering is by an internal calcu-
lation or control of the MR or CT system. Hardware and/or
software are used to control the timing. Whether external or
internal, the timing from the ultrasound contrast agent detec-
tion is used to control when the MR or CT scan starts, control
the duration of the MR or CT scan, control the MR or CT scan
interval (e.g., time between scans), control when the MR or
CT scan ends, or combinations thereof. The start, stop, dura-
tion, and/or interval may be triggered.

[0059] In one embodiment represented in FIG. 2, the trig-
gering is calibrated. In the timeline represented by the solid
line, ultrasound contrast agent timing is detected. At time t1,
ultrasound contrast agents are injected. At time 12, ultrasound
contrast agents are detected at a region of interest. At time t3,
the complete wash-out of contrast agents is detected. These
acts are performed prior to the MR or CT timeline represented
by the dashed line.

[0060] For the MR or CT timeline (dashed line), contrast
agents are injected at time t5. Based on the relative locations
ofinjection and/or regions of interest, the time until MR or CT
contrast agents enter the MR or CT region of interest is based
on the time difference t1-t2 from the ultrasound detection.
This time (e.g., contrast agent travel time as measured using
the contrast agents plus any offset for location or agent dif-
ferences) is added to the time of MR or CT contrast agent
injection, resulting in time t6. Alternatively, the time t6 is a
same period after injection from time t5 as time t2 is from
time t1.

[0061] In some embodiments, the location of detection of
the contrast agents is different than the location of the MR or
CT region of interest. For example, the CT or MR scan is of
the brain, but the contrast agent detection occurred at the
neck. This difference is accounted for in the time difference,
such as adding a temporal offset, providing for the relative
time location of t6 from time t5 as compared to time t1 and
time t2. The triggering to acquire the MR or CT data occurs
the same or different period after the injection as the contrast
agent. The occurrence of the trigger is based on the amount of
time determined with ultrasound scanning, with or without
offsets for other reasons.

[0062] FIG. 2 also represents setting duration of the MR or
CT scanning based on timing from the ultrasound contrast
agent detection. The period from time t6 to t7 represents the
scan period during which one or more scans are performed.
The period t7-t6 is based on the period of inflow, outflow, or
both determined from the period of times t2-t3 with ultra-
sound contrast agent. The difference in relative time between
t2 and t6 and between t3 and t7 is the same or different and
based on the same or different temporal or spatial offset. The
duration may be based on the ultrasound and MR or CT
regions being at a same or different location. The duration is
set to provide for MR or CT scanning appropriate for a
desired location of the patient since contrast agents in that
patient are used to establish the timing. The timing and asso-
ciated triggering anticipates the life of contrast agent in dif-
ferent blood vessels.
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[0063] The triggering for the duration may be used without
the triggering for starting or ending. Similarly, the triggering
for starting or ending may be used without the triggering for
duration.

[0064] FIG. 3 represents real-time triggering. The timing of
the MR or CT scanning is based on timing as detected. The
detection of ultrasound contrast agents at time t2 after the
injection at time t1 is performed. The MR or CT timeline
(dashed line) and the ultrasound timeline (solid line) repre-
sent the same time rather than sequential timelines of FIG. 2.
The MR or CT scan 1s triggered based on the detection at time
2 without determination of the period from injection. The
MR or CT timeline shows triggering at time t3. Time t3 is
shown as after time {2, but may be time t2 in other embodi-
ments. The difference between (2 and t3 is due to spatial or
temporal offset. The offset is purposeful, such as associated
with different locations for injection or detection, associated
with sequential injection (e.g., one right after the other), and/
or associated with processing delay to trigger from detection.
A counter counting down or up may be used to implement the
offset. When the count completes, the MR or CT scanning is
triggered. The time of injection of the CT or MR contrast
agent may not be used as a reference (other than for deter-
mining the offset), so is not shown.

[0065] The duration for the MR or CT timeline is shown as
shorter. For example, the time t4 of detection of complete
inflow, complete outflow or other event for ultrasound con-
trast agent is used to trigger ceasing of the MR or CT scan-
ning. Different times for the duration may be used.

[0066] For triggering MR scanning, the scan is triggered to
capture the desired arrival, wash-in, wash-out or combina-
tions thereof. The MR scanning requires a certain time period.
To avoid most or a substantial portion of the scan being at an
undesired time relative to the contrast agents, the timing of the
start of the MR scan is triggered. Given the scan time, the
trigger may be performed based on any level of contrast
agents detected with ultrasound scanning. The interval for
repetitive scanning may be set based on the rate of ultrasound
contrast agent flow, the duration of the event of interest (e.g.,
in or outflow or both), or other timing. The physiological
timing information is used to control the speed of MR imag-
ing.

[0067] For CT scanning, the triggering may be used for
start, stop, interval, or duration. The CT triggering may avoid
radiation to monitor when a contrast agent event is going to
occur. Ultrasound scanning monitors for the desired event
and is used to trigger the CT scanning. Lower radiation dose
may result where CT scanning is used to sample the CT
contrast agents at appropriate times and not at other times.

[0068] In act 92, the MR or CT system scans the patient.
When triggered, data representing the MR or CT contrast
agents, tissue, and/or fluid (e.g., blood) of the patient is
acquired. The trigger indicates a start time of the scan. The
trigger signal may instead trigger a delay timer for the start of
the scan.

[0069] The region of interest used for detecting contrast
agents by the ultrasound scanner is scanned. A larger or more
inclusive region may be scanned. The larger region includes
all of or a part of the ultrasound region of interest. In alterna-
tive embodiments, the MR or CT scans are for a different
region of the patient than the region used for detecting ultra-
sound contrast agent. For example, the MR or CT scan is ofa
vein and the ultrasound scan is of an artery. As another

Oct. 17,2013

example, the ultrasound scan is of an upstream location of a
vessel and the MR or CT scan is of a downstream location.
[0070] The MR or CT region of interest may be larger or
smaller than the ultrasound region of interest. The MR, CT,
and/or ultrasound regions of interest may be smaller than the
respective fields of view. Alternatively, one or more of the
regions of interest are the fields of view of the scanning. In
other embodiments, multiple regions of interest for one or
more of the types of scanning are used. The same or different
timing may be used for each region of interest.

[0071] The MR or CT scan is of a plane or volume. The
same or different sampling density or resolution is used for
the ultrasound scanning and the MR or CT scanning.

[0072] For MR scanning, a sequence of radio frequency
pulses in controlled magnetic fields is used to generate a
response from selected molecules. Any MR sequence may be
used. The frequency of the pulses, the sequence used, and/or
the magnetic fields are set based on the type of molecule or
material to be detected. For contrast agents, the appropriate
settings are provided. Any now known or later developed MR
scanning for MR contrast agents may be used. The scanning
may also be to detect tissue and/or fluids of the patient. The
same sequence or a different sequence of pulses is used.
[0073] The radio frequency pulses are applied by a body
coil surrounding a bore of the MR system. Alternatively or
additionally, one or more local coils are used for greater
signal-to-noise ratio. The local coils are positioned on, closer,
or in the patient. The radio frequency pulses are generated by
the local coils or the body coil. The local coils receive the
signals generated by the changing spins of the molecules.
[0074] The signals received from the MR scanning are in
k-space. Using Fourier transforms, the data may be trans-
formed to object or real-space. The transform provides MR
data representing the contrast agents, tissue, and/or fluid. The
MR data represents an area or volume of the patient, such as
for an MR cranial scan.

[0075] For CT scanning, an x-ray source is positioned
opposite an x-ray detector. The patient is positioned between
the x-ray source and detector. By rotating the x-ray source and
detector about the patient, a sequence of projection data is
detected. For a given detection, an amplitude of the detected
x-rays represents the various tissues, fluids, and/or contrast
agents between the x-ray source and the pixel of the detector.
The detector may be a one or two-dimensional detector. Each
datum represents a line or projection through the patient at the
given position of the x-ray source and detector relative to the
patient.

[0076] The x-ray source and detector may be positioned at
different locations to scan the patient. By rotating and trans-
lating, a volume of the patient may be scanned from different
directions. By rotating or translating, a plane or area of the
patient may be scanned from different directions.

[0077] Using tomography, the projection data is converted
into real or object-space data. Due to the sampling of loca-
tions in the patient from different angles, the projection data
may be fit to a model of the x-ray response from the patient.
The fit provides magnitudes of x-ray signal for each location
in the patient. The contrast agents may cause a greater reduc-
tion in the x-ray signal passing through, similar to bone. Since
the contrast agent flows within the circulatory system, the
flow in the circulatory system may be highlighted relative to
tissue.

[0078] Using either MR or CT scanning, data representing
contrast agents is acquired. The timing from the ultrasound
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scanning is used to acquire the MR or CT data. The MR or CT
scanning is performed at the appropriate time or times for the
flow of contrast agents. This may avoid scanning at unneeded
times. The scanning may be directed or steered to locations
likely to have contrast agents at any given time, such as
through a sequence of regions of interest. The calibrated or
real-time timing information derived from the ultrasound
contrast agent helps optimize the MR or CT scanning.
[0079] As represented by the time between t5 and t6 and
after t7 in FIG. 2 or the time before t and after t4 in FIG. 3,
scanning at times in which contrast agent is not or is not likely
in the region of interest may be avoided. This may limit
radiation dose. Similarly, the start time for MR scans may be
timed to occur at the desired timerelative to the contrast agent
bolus position, providing more diagnostic information. The
sampling speed for MR may be increased, and the radiation
exposure in CT may be decreased.

[0080] The acquired scan data may be used for calculating
contrast agent information. For example, the rate, relative
timing, peak amount or other characteristic of contrast agent
inflow and/or outflow is quantified. The MR or CT data is
used to determine the quantities. The quantification may be
provided for different locations to provide relative informa-
tion. Any contrast agent study may be used.

[0081] The acquired scan data may be used to generate an
image in act 94. The image is of the quantity or quantities
calculated for the contrast agent study. The values are dis-
played as text or a graph. For example, a graph of average
number or intensity of contrast agents in a region over time is
displayed. A value representing the rate of inflow or outflow
may be displayed with or without the graph.

[0082] Inoneembodiment, animage of the contrast agent is
generated. Any now known or later developed MR or CT
contrast agent imaging may be used. For example, an image
representing a scan plane or a plane through a scan volume is
generated. The intensity or other detected characteristics at
different locations in the plane are used to generate image
data or values for pixels. As another example, data represent-
ing a volume is rendered using projection or surface render-
ing. The image may be overlaid with or combined with
images from other sources, such as overlaying detected con-
trast agent with tissue information. The contrast agent infor-
mation may be rendered as more opaque and the tissue more
transparent.

[0083] The image represents a point, line, area or volume.
Images for multiple planes may be generated and displayed at
asame time or sequentially. Any imaging format may be used.
The image is of a region of interest, a field of view, or other
location. Segmenting may be used, such as extracting data
associated with a desired organ or region and imaging from
the extracted data. Color or black and white imaging is pro-
vided.

[0084] Ultrasound images may be generated. Ultrasound
images of a quantity or quantities representing contrast agents
in the region of interest may be displayed. Values and/or
graphs are generated based on the detected ultrasound con-
trast agents. The values or graphs may be combined with
values and/or graphs from MR or CT contrast agents or dis-
played separately. For example, an average inflow time or rate
is calculated from ultrasound and MR or CT contrast agent
time or rate values.

[0085] A sequenceofimages may be generated to represent
the ultrasound contrast agent arriving and flowing through
region of interest. A single image of tissue, fluid, and/or
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contrast agent may be generated. Any now known or later
developed contrast agent, tissue, fluid, or combined ultra-
sound imaging may be used.

[0086] The image or images of the ultrasound contrast
agent may be displayed at the same or different times than the
image or images of MR or CT contrast agent. Simultaneous
display is provided with the images adjacent to each other. In
one embodiment, the images are combined, such as averaging
values for the same locations or overlaying one type of image
over another type of image (e.g., CT or MR contrast agent
modulated to color and ultrasound contrast agent modulated
to intensity).

[0087] Forcombination, the ultrasound coordinates may be
registered with the MR or CT coordinates. The registration
provides data representing the same locations. The registra-
tion may be based on position sensors, data correlation, or
both. For example, the MR tissue data is processed to emulate
ultrasound. The emulation may be correlated with the ultra-
sound B-mode data to determine a transform relating the two
coordinate systems. Rigid or non-rigid transforms may be
used.

[0088] FIG. 4 shows a system 10 for scan timing in contrast
agent studies. The system 10 includes a memory 12, an imag-
ing system 14, an ultrasound system 16, a transducer 18, a
processor 24, and a display 26. The ultrasound system 16 and
the transducer 18 are for use with the imaging system. The
ultrasound system 16 and the transducer 18 may be sub-
divided into a sub-system 22 and an applicator 21, as shown
in FIG. 5. FIG. 5 shows one example of positioning of the
transducer 18 and the ultrasound system 16 relative to the
imaging system 14 where the imaging system 14 is an MR
system.

[0089] Additional, different, or fewer components may be
provided. For example, a network or network connection is
provided, such as for networking with a medical imaging
network or data archival system. As another example, the
processor 24, the memory 12, and/or the display 26 are not
provided.

[0090] The memory 12, processor 24 and display 26 are
part of a medical imaging system, such as the ultrasound
system 16, imaging system 14, or other system. Alternatively,
the memory 12, processor 24 and display 26 are part of an
archival and/or image processing system, such as associated
with a medical records database workstation or server. In
other embodiments, the memory 12, processor 24 and display
26 are a personal computer, such as desktop or laptop, a
workstation, a server, a network, or combinations thereof.
[0091] The processor 24 is an interface between the imag-
ing system 14 and the ultrasound system 16. The interface is
hardware and/or software based. For example, the processor
24 is part of a network connection or interface card. As
another example, the processor 24 is a control processor or
server. In yet another example, the processor 24 connects to
one or both of the imaging system 14 and the ultrasound
system 16 through a dedicated connection for determining
and/or controlling timing of scanning. The connection may be
over anetwork, on a bus, wireless, wired, or other now known
or later developed connection. In alternative embodiments,
the processor 24 is part of the ultrasound or imaging systems
16, 14 allowing a direct connection between the two systems.
[0092] Aninputto the processor 24, the imaging system 14,
and/or the ultrasound system 16 connects or is connectable
with an injection pump for contrast agents. The system 10
controls the injection of the ultrasound and/or MR or CT
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contrast agents. The control allows for timing calibration.
Alternatively, the user input or interface associated with the
processor 24, the imaging system 14, and/or the ultrasound
system 16 may provide for manual input by the user to indi-
cate a time of injection. In other embodiments, such as for
real-time detection and timing, the time of injection is not
needed to determine the timing. The injection pump may be
operated without connection to the system 10.

[0093] Thedisplay 26 is a monitor, LCD, projector, plasma
display, CRT, printer, or other now known or later developed
devise for outputting visual information. The display 26
receives images, graphics, or other information from the pro-
cessor 24, memory 12, imaging system 14, or ultrasound
system 16. The display 26 may be used for contrast agent
imaging and a user interface to configure operation of the
system 10.

[0094] In one embodiment, the imaging system 14 is used
to generate one or more images representing contrast agents
in a patient for display on the display 26. For example, an
image or images rendered from a three-dimensional data set
of MR or CT information is provided. A multi-planar recon-
struction may be provided. The user may indicate a region of
interest for contrast agent study of the patient on the image.
Alternatively, the processor 24 identifies the region of inter-
est.

[0095] Theultrasound system 16 is any now known or later
developed ultrasound system. For example, the ultrasound
system 16 includes the transducer 18 for converting between
acoustic and electrical energies. A transmit beamformer rela-
tively delays and apodizes signals for different elements of
the transducer 18. The ultrasound system 16 includes a
receive beamformer for sampling the field of view and receiv-
ing ultrasound data.

[0096] The transducer 18 is an array of elements, such as
piezoelectric or capacitive elements. The array is a one-di-
mensional or multi-dimensional distribution of elements. For
example, the transducer 18 is a two-dimensional array for
scanning a volume electronically. As another example, the
transducer 18 is a wobbler transducer array for scanning in
one dimension electronically and in another dimension
mechanically. Other now known or later developed transduc-
ers 18 for mechanical and/or electrical steering of different
planes may be provided. For example, a user may move a one
dimensional array transducer manually or robotically to a
new location for each plane.

[0097] Theultrasound system 16 uses transmit and receive
beamformers for scanning a region with the transducer 18. In
one embodiment, the transmit beamformer includes transmit-
ters or waveform generators for generating electrical wave-
forms for each element ofa transmit aperture. The waveforms
are associated with phase and amplitude. The waveforms for
agiven transmit event may have the same or different phasing.
The electrical waveforms are relatively weighted and delayed
to form an acoustic beam with a desired phase and amplitude
characteristic. For example, the transmit beamformer
includes amplifiers, phase rotators, and/or controllers to gen-
erate sequential, steered pulses with the desired phase and
amplitude in relation to other acoustic beams. Converging,
diverging or planar beams may be used.

[0098] The receive beamformer may include delays, phase
rotators, amplifiers, and/or adders for relatively delaying and
summing received signals to form one or more receive beams
with dynamic focusing. For example, using shared process-
ing, separate processing, or combinations thereof, a plurality
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(e.g., tens or hundreds) of parallel receive beamformers are
provided to form a respective plurality of receive beams in
response to a given transmit beam. Alternatively, the beam-
former 14 includes a processor for Fourier or other analysis of
received signals to generate samples representing different
spatial locations of the scanned region.

[0099] The transducer 18 and beamformers are configured
to scan an area or volume. The beamformers are controlled or
programmed to perform the scan. The beamformer param-
eters, such as relative delays and/or phasing for focus,
apodization, beam amplitude, beam phase, frequency, or oth-
ers, are set. The aperture for transmit and the aperture for
receive on the transducer 18 is set. The beamformer and
transducer 18 are used to generate the waveforms for the
aperture and convert the waveforms to acoustic energy for
transmitting the beam, and used to receive acoustic energy at
the receive aperture, convert the acoustic energy to electrical
energy, and beamform the received electrical signals.

[0100] A volume or planar scan may be performed using
any pattern or distribution of scan lines. In one embodiment,
an acquisition scan plane is positioned within a three-dimen-
sional region. Acoustic energy is transmitted in any of various
now known or later developed scan patterns along the scan
plane for acquiring data. The scan plane is then altered to
another location in the volume or sub-volume and scanned.
Alternatively, a planar scan is performed.

[0101] For a given volume or plane, the scans may be
repeated. By repeating the scans, a sequence of frames of data
is obtained. Each frame represents the three-dimensional
scanned volume or two-dimensional scanned plane, but may
only represent smaller regions within the field of view.

[0102] Ultrasound contrast agents are more likely
destroyed by higher amplitude, greater scan line density,
greater pulse repetition, lower frequency, and/or other param-
eter for increasing the destructive power. Due to phased array
focusing, contrast agents at deeper and/or shallower depths
may be subjected to less destruction. The focal point, ampli-
tude, scan line density, pulse repetition, frequency and/or
other parameter may be varied to avoid or limit destruction of
contrast agents in the region of interest. Transmissions caus-
ing destruction may be provided for clearing a region for
subsequent detection of ultrasound contrast agents and timing
determination.

[0103] The ultrasound system 16 includes a detector. The
detector is configured by hardware and/or software to detect
from the beamformed data. Any detection may be used, such
as B-mode, Doppler or color flow mode, harmonic mode, or
other now known or later developed modes. B-mode and
some harmonic modes use single pulse scan techniques for
detection. The intensity of the received signals in the fre-
quency band of interest is calculated. Multiple pulse tech-
niques, such as flow mode estimation of velocity or energy,
may be used.

[0104] Inoneembodiment, the detector is a contrast agent
detector configured to detect response from contrast agents.
The configuration is provided by software and/or hardware.
The contrast agent detector is a B-mode detector, Doppler or
flow estimator, contrast agents specific detector, or other now
known or later developed device for detecting acoustic
response of contrast agents. The contrast agent detector may
include a filter, summer, memory, buffer, rectifier, or other
components for combining data responsive to different trans-
missions.
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[0105] The detected response may include other informa-
tion, such as second harmonic, even harmonic, B-mode,
velocity or power estimates including information from tis-
sue, moving tissue, and/or blood. Alternatively, the detected
response is specific to contrast agents, such as using a com-
bination of receive signals responsive to transmit pulses with
different phase and amplitude to detect contrast agent while
limiting response from tissue. For example, the nonlinear
fundamental response is detected by combining three or more
receive signals responsive to transmit beams with different
phasing and amplitude.

[0106] By repeating scanning, any ultrasound contrast
agents in a patient are monitored. The region of interest is
scanned multiple times. As the ultrasound contrast agent
enters the region of interest, the contrast agents are detected.
As the flow continues, the contrast agents are detected.

[0107] For use in real-time with the imaging system, the
transducer 18 is left in situ during the imaging system scans.
For MR scanning, the transducer 18 may be shielded. For CT
scanning, the transducer 18 may be positioned to avoid inter-
ference or may be segmented out. The transducer 18 may be
positioned to scan from a location avoiding interference or
limiting interference with the scanning of the imaging system
14. For example, cranial scans are performed by the imaging
system 14. The transducer 18 is positioned to scan the carotid
artery for timing, thus leaving the transducer 18 substantially
outside the imaging volume of the CT or MR device.

[0108] The imaging system 14 is a MR or CT scanner.
Other non-ultrasound modalities may be used, such as
positron emission tomography or single photon emission
computed tomography.

[0109] AsaCT scanner, the imaging system 14 includes an
x-ray source and detector. A robotically controlled or posi-
tioned C-arm holds the x-ray source and detector. Collima-
tors, filters or other CT scanner components may be provided.
A processor, such as the processor 24, fits the projection data
from the detector to an object model to determine the spatial
locations of response to the x-rays.

[0110] FIG. 5 shows the imaging system 14 as an MR
scanner. The magnetic resonance (MR) system includes a
cyromagnet 30, gradient coil 32, and body coil 36 in an RF
cabin, such as a room isolated by a Faraday cage. A tubular or
laterally open examination subject bore encloses a field of
view. A more open arrangement may be provided. A patient
bed 38 (e.g., a patient gurney or table) supports an examina-
tion subject, such as a patient with or without one or more
local coils. The patient bed 38 may be moved into the exami-
nation subject bore in order to generate images of the patient.
Received signals may be transmitted by the local coil arrange-
ment to the MR receiver via, for example, coaxial cable or
radio link (e.g., via antennas) for localization.

[0111] Other parts of the MR system are provided within a
same housing, within a same room (e.g., within the radio
frequency cabin), within a same facility, or connected
remotely. The other parts of the MR system may include local
coils, cooling systems, pulse generation systems, image pro-
cessing systems, and user interface systems. Any now known
or later developed MR imaging system may be used. The
location of the different components of the MR system is
within or outside the RF cabin, such as the image processing,
tomography, power generation, and user interface compo-
nents being outside the RF cabin. Power cables, cooling lines,
and communication cables connect the pulse generation,
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magnet control, and detection systems within the RF cabin
with the components outside the RF cabin through a filter
plate.

[0112] The MR system is configured by software, hard-
ware, or both to acquire data representing a plane or volume
in the patient. In order to examine the patient, different mag-
netic fields are temporally and spatially coordinated with one
another for application to the patient. The cyromagnet 30
generates a strong static main magnetic field B, in the range
of, for example, 0.2 Tesla to 3 Tesla or more. The main
magnetic field B, is approximately homogeneous in the field
of view.

[0113] The nuclear spins of atomic nuclei of the patient are
excited via magnetic radio-frequency excitation pulses that
are transmitted via a radio-frequency antenna, such as a
whole body coil 36 and/or a local coil. Radio-frequency exci-
tation pulses are generated, for example, by a pulse genera-
tion unit controlled by a pulse sequence control unit. After
being amplified using a radio-frequency amplifier, the radio-
frequency excitation pulses are routed to the body coil 36
and/or local coils. The body coil 36 is a single-part or includes
multiple coils. The signals are at a given frequency band. For
example, the MR frequency for a 3 Tesla system is about 123
MHz+/-500 KHz. Different center frequencies and/or band-
widths may be used.

[0114] The gradient coils 32 radiate magnetic gradient
fields in the course of a measurement in order to produce
selective layer excitation and for spatial encoding of the mea-
surement signal. The gradient coils 32 are controlled by a
gradient coil control unit that, like the pulse generation unit,
is connected to the pulse sequence control unit.

[0115] The signals emitted by the excited nuclear spins are
received by the local coil and/or body coil 36. In some MR
tomography procedures, images having a high signal-to-
noise ratio (SNR) may be recorded using local coil arrange-
ments (e.g., loops, local coils). The local coil arrangements
(e.g., antenna systems) are disposed in the immediate vicinity
of the examination subject on (anterior), under (posterior), or
in the patient. The received signals are amplified by associ-
ated radio-frequency preamplifiers, transmitted in analog or
digitized form, and processed further and digitized by the MR
receiver.

[0116] The recorded measured data is stored in digitized
form as complex numeric values in a k-space matrix. A one or
multidimensional Fourier transform reconstructs the object
or patient space from the k-space matrix data. The processor
24 or another device performs the reconstruction.

[0117] The MR system may be configured for acquiring
contrast agent information. MRI contrast agents alter the
relaxation times of atoms within body tissues after intrave-
nous administration. A radiofrequency pulse is applied caus-
ing atoms in contrast agents to spin and then relax after the
pulse stops. This relaxation emits energy which is detected by
the MR scanner. The difference in relaxation time and/or the
signals from the contrast agents themselves may be detected.
[0118] The MR system may be configured to acquire dif-
ferent types of data. For example, the MR data represents the
anatomy of the patient. The MR data represents the response
to the magnetic fields and radio-frequency pulses of tissue.
Any tissue may be represented, such as soft tissue, bone, or
blood. The MR system may be configured for acquiring spe-
cialized functional or anatomic information. For example,
T1-weighted, diffusion, thermometry, or T2-weighted MR
data is acquired.
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[0119] The ultrasound system 16 and the transducer 18 are
adapted for use in the MR environment. Despite the MR
system being susceptible to even very small electromagnetic
interference, more than the transducer 18 may be positioned
in the bore and corresponding main magnetic field. At least
some active electronics or circuits may be provided with the
transducer 18. For example, the transmit beamformer and a
communications interface are provided with the transducer
18 in an applicator 21. Providing the transmit beamformer at
the transducer 18 avoids electrical impedance concerns asso-
ciated with long cabling. An array of many elements may be
provided since a corresponding many coaxial cables are not
needed, avoiding electromagnetic interference associated
with the coaxial cables.

[0120] As represented in FIG. 5, a portion or sub-system 22
of the ultrasound system 16 is spaced from the MR system or
at least the bore and main magnetic field. The sub-system 22
provides for user interface and high level or general control
functions of ultrasound scanning. For example, the processor
24 is part of the sub-system 22. These control and user inter-
face functions may be integrated into the MR system.
[0121] The connection 40 between the transducer 18 and
the sub-system 22 may be one, two, or few number of cables.
For example, the connection 40 is an optical cable or fiber
optic cable for transmitting control signals to the transducer
18. Separate connections may be provided for trigger and/or
mode selection, or the same cable is used. The connection 40
may include a pipe, tube, or hose for fluid.

[0122] The imaging system 14 is configured to monitor
contrast agents in the patient. The contrast agents are moni-
tored by scanning for the contrast agents. Using the timing
from the ultrasound scanning, the timing of the monitoring is
focused. The imaging system 14 scans the patient to detect
contrast agents at the appropriate times.

[0123] The processor 24 is an interface between the ultra-
sound system 16 and the imaging system 14. The processor
24 is a general processor, central processing unit, control
processor, graphics processor, digital signal processor, three-
dimensional rendering processor, image processor, applica-
tion specific integrated circuit, field programmable gate array,
digital circuit, analog circuit, combinations thereof, or other
now known or later developed device for determining timing
and/or triggering scanning. The processor 24 is a single
device or multiple devices operating in serial, parallel, or
separately. The processor 24 may be a main processor of a
computer, such as a laptop or desktop computer, or may be a
processor for handling tasks in a larger system, such as in an
imaging system 14 or ultrasound system 16.

[0124] The processor 24 is configured by software and/or
hardware. Hardware timing triggers may be used. Software
based counters may be used. The processor 24 may be con-
figured to trigger operation of the transducer 18 and/or the
imaging system 14. The scanning of the imaging system 14
and the ultrasound system 16 may be interleaved based on
control by the processor 24. The scanning from the different
systems 14, 16 may be caused to occur at a same time.
[0125] The imaging system 14 is configured to time acqui-
sition of data representing contrast agents. In response to a
trigger signal generated by the processor 24, the imaging
system 14 begins or arranges to begin scanning for contrast
agents.

[0126] The processor 24 interfaces with the imaging sys-
tem 14 to trigger the contrast agent scanning. The processor
24 is configured to time the acquisition or triggering of the
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acquisition based on data from the ultrasound system 16. The
ultrasound contrast agent detection is used to determine tim-
ing for the imaging system 14. The detection of contrast
agents by the ultrasound system 16 is used to determine the
time of acquisition by the imaging system 14.

[0127] Theprocessor 24 is configured to determine the time
of acquisition based on one or more criteria. For example, the
time of arrival from injection is used. The time for ultrasound
contrast agents to travel from the injection location to the
region of interest is calculated. MR or CT contrast agents may
have the same or similar travel time. Alternatively, the pro-
cessor 24 determines the MR or CT contrast agent travel time
based on a ratio or other offset. For example, the MR contrast
agent may need to also perfuse tissue, so a temporal offset is
added to the travel time.

[0128] Thetime from injection or from other starting points
(e.g., arrival) to other events may be used. For example, the
processor 24 is configured to time from injection to a peak
amount of contrast agent response for a wash-out MR or CT
study.

[0129] In addition or alternative to calibrating the timing,
on-going detection may be used. The timing of the scanning
by the imaging system 14 is based on current detection of
contrast agents by the ultrasound system 16. The processor 24
is configured to interface between the two systems so that
detection of a contrast agent event by the ultrasound system
16 triggers immediate or delayed scanning by the imaging
system 14. For example, the ultrasound system 16 detects
ultrasound contrast agents at a region of interest. Upon detec-
tion or after a further delay from the detection, the processor
24 sends a signal or causes the imaging system 14 to begin
scanning. Other times than arrival may be used as the trigger-
ing event.

[0130] The processor 24 is configured to determine the
duration of the scanning by the imaging system 14. The time
for ultrasound contrast agents to wash-in, wash-out, or both is
calculated from the detected ultrasound contrast agents. The
time, with or without any positive or negative offset, is used to
trigger an end to the scanning by the imaging system 14. The
duration is set to last through the wash-in and/or wash-out.
[0131] The duration may be location specific, such as trig-
gering scanning to begin based on contrast agents at one
location and end scanning based on contrast agents at a dif-
ferent location. Separate triggering may be used for different
locations. For example, the imaging system 14 scans different
regions at different times. The timing for each region may be
established, at least in part, based on the detection of ultra-
sound contrast agents in the respective regions.

[0132] The timing for ceasing may be used with or without
triggering for starting the scanning. The detection of the ultra-
sound contrast agents may be used to end the scanning with-
out having been used to begin the scanning. Alternatively, the
imaging system 14 scans for a set amount of time or through
a set sequence without using timing from the ultrasound
contrast agents.

[0133] The memory 12 is a graphics processing memory, a
video random access memory, a random access memory,
system memory, random access memory, cache memory,
hard drive, optical media, magnetic media, flash drive, buffer,
database, combinations thereof, or other now known or later
developed memory device for storing data. The memory 12 is
part of the imaging system 14, part of the ultrasound system
16, part of a computer associated with the processor 24, part
of a database, part of another system, or a standalone device.
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[0134] The memory 12 stores one or more datasets repre-
senting a three-dimensional patient volume or a two-dimen-
sional patient plane. The patient volume or plane is a region of
the patient, such as a region within the chest, abdomen, leg,
head, arm, or combinations thereof. The patient volume is a
region scanned by the imaging system 14 and/or the ultra-
sound system 16.

[0135] Any type of data may be stored, such as medical
image data or detected contrast agent data. The data repre-
sents the patient and/or contrast agents within the patient.
Data derived from scan or detected data may be stored. For
example, timing information is stored. As another example, a
count for implementing or using the timing to trigger is
stored. Times may be stored. Quantities representing any
aspect of contrast agents may be stored, such as storing data
representing a contrast agent return over time. Thresholds or
data used for analyzing contrast agent arrival, exit, inflow, or
outflow may be stored. Transform data for relating coordinate
systems may be stored.

[0136] For volume data, the stored data representing con-
trast agents may be interpolated or converted to an evenly
spaced three-dimensional grid or remain in a scan format.
Fach datum is associated with a different volume location
(voxel) in the patient volume. Each volume location is the
same size and shape within the dataset. Volume locations with
different sizes, shapes, or numbers along a dimension may be
included in a same dataset. The voxel size and/or distribution
may be different for different types of imaging data.

[0137] Thememory 12 or other memory is a non-transitory
computer readable storage medium storing data representing
instructions executable by the programmed processor 24 for
contrast agent imaging. The instructions for implementing
the processes, methods and/or techniques discussed herein
are provided on computer-readable storage media or memo-
ries, such as a cache, buffer, RAM, removable media, hard
drive or other computer readable storage media. Computer
readable storage media include various types of volatile and
nonvolatile storage media. The functions, acts or tasks illus-
trated in the figures or described herein are executed in
response to one or more sets of instructions stored in or on
computer readable storage media. The functions, acts or tasks
are independent of the particular type of instructions set,
storage media, processor or processing strategy and may be
performed by software, hardware, integrated circuits, firm-
ware, micro code and the like, operating alone, or in combi-
nation. Likewise, processing strategies may include multi-
processing, multitasking, parallel processing, and the like.

[0138] In one embodiment, the instructions are stored on a
removable media device for reading by local or remote sys-
tems. In other embodiments, the instructions are stored in a
remote location for transfer through a computer network or
over telephone lines. In yet other embodiments, the instruc-
tions are stored within a given computer, CPU, GPU, or
system.

[0139] While the invention has been described above by
reference to various embodiments, it should be understood
that many changes and modifications can be made without
departing from the scope of the invention. It is therefore
intended that the foregoing detailed description be regarded
as illustrative rather than limiting, and that it be understood
that it is the following claims, including all equivalents, that
are intended to define the spirit and scope of this invention.
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1 (we) claim:

1. A method for scan timing, the method comprising:

scanning a first region of a patient with ultrasound,

detecting, from the scanning, ultrasound contrast agents in
the first region;

determining a timing of the detection of the ultrasound

contrast agents in the first region;

scanning the first region or a second region of the patient

with a magnetic resonance or computed tomography
system; and

triggering the scanning with the magnetic resonance or

computed tomography system based on the timing.

2. The method of claim 1 wherein scanning the first region
with ultrasound comprises transmitting acoustic energy to the
first region and receiving echoes responsive to the transmit-
ting from the first region;

3. The method of claim 1 wherein detecting comprises
detecting a non-linear fundamental response of the contrast
agents;

4. The method of claim 1 wherein determining the timing
comprises determining a time from an injection of a bolus of
the ultrasound contrast agents into the patient to initial detec-
tion of the ultrasound contrast agents at the first region.

5. The method of claim 1 wherein determining the timing
comprises determining a time for the ultrasound contrast
agents to wash-in to the first region.

6. The method of claim 1 wherein determining the timing
comprises determining a time for the ultrasound contrast
agents to wash-out of the first region.

7. The method of claim 1 wherein scanning with the mag-
netic resonance or computed tomography system comprises
imaging magnetic resonance or computed tomography con-
trast agents.

8. The method of claim 1 wherein triggering comprises
starting the scanning at a period from injection of the mag-
netic resonance or computed tomography contrast agents, the
period being based on the timing from injection of ultrasound
contrast agents to detection of the ultrasound contrast agents,
the period determined after the timing.

9. The method of claim 1 wherein triggering comprises
starting or stopping the scanning with the magnetic resonance
or computed tomography system based on the detecting of the
ultrasound contrast agents.

10. The method of claim 9 wherein starting or stopping is
based on detecting the ultrasound contrast agents mixed with
other contrast agents or provided in succession with the other
contrast agents.

11. The method of claim 1 wherein determining the timing
comprises determining a time for the ultrasound contrast
agents relative to the first region where the first region com-
prises a sub-region of the second region for the scanning with
the magnetic resonance or computed tomography system,
and wherein triggering comprises setting a duration of the
scanning based on the timing.

12. The method of claim 1 wherein scanning with ultra-
sound comprises repetitively acquiring data representing the
first region, wherein scanning with the computed tomography
system comprises avoiding the scanning and corresponding
radiation dose for a period based on the timing and the trig-
gering.

13. The method of claim 1 wherein triggering comprises
arranging for the scanning with the magnetic resonance sys-
tem to capture arrival, wash-in, wash-out or combinations
thereof given a scan time of the magnetic resonance system.
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14. A system for scan timing, the system comprising:

an ultrasound scanner configured to monitor first contrast

agents in a patient;

an imaging system other than the ultrasound scanner, the

imaging system configured to monitor second contrast
agents in the patient; and

an interface between the ultrasound scanner and the imag-

ing system, the imaging system configured to time
acquisition of data representing the second contrast
agents, the timing of the acquisition being a function of
data representing the first contrast agents from the ultra-
sound scanner.

15. The system of claim 14 wherein the interface comprises
aprocessot, the processor configured to determine the time of
the acquisition based on an amount of time from injection of
the first contrast agents to detection of the first contrast agents
in a region of interest.

16. The system of claim 14 wherein the interface comprises
aprocessor, the processor configured to determine the time of
acquisition by the imaging system as being when the first
contrast agents are detected by the ultrasound scanner or
being a period after when the first contrast agents are detected
by the ultrasound scanner.

17. The system of claim 14 wherein the interface comprises
aprocessor, the processor configured to determine the time of
acquisition as lasting through wash-in or wash-out for differ-
ent parts of a region of interest.

18. In a non-transitory computer readable storage medium
having stored therein data representing instructions execut-
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able by a programmed processor for contrast agent imaging,
the storage medium comprising instructions for:

timing acquisition of a magnetic resonance or computer
tomography contrast agent image, the timing based on
contrast agents detected with ultrasound; and

acquiring the contrast agent image in response to the tim-

ing.

19. The non-transitory computer readable storage medium
of claim 18 wherein acquiring comprises acquiring data rep-
resenting contrast agents detected with magnetic resonance
or computed tomography, the contrast agent image being of
the contrast agents detected with magnetic resonance or com-
puted tomography.

20. The non-transitory computer readable storage medium
of claim 18 wherein timing comprises determining an amount
of time from injection for the contrast agents detected with
ultrasound to be detected in a region of interest, and triggering
the acquiring to occur a period after injection based on the
amount of time.

21. The non-transitory computer readable storage medium
of claim 18 wherein timing comprises determining a duration
for the acquiring.

22. The non-transitory computer readable storage medium
of claim 18 wherein timing comprises starting the acquiring
when a count starting upon detection of the contrast agents
with the ultrasound completes.

* ok %k
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