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Description

[0001] This invention relates to ultrasonic diagnostic
imaging systems and, in particular, to the use of contrast
enhanced ultrasonic imaging to evaluate the risk of
stroke.

[0002] The development of plaque in the vascular sys-
tem, particularly atherosclerosis in the carotid artery, is
acommon occurrence in many patients. Plaque can build
up to a degree where partial and even total occlusion of
blood vessels can occur. FIGURE 1 illustrates a blood
vessel 110 with the vessel wall 18 partially cut away to
show the lumen 16 inside, where a plaque build-up 24 is
seen. Since the plaque 24 has filled most of the lumen
at its thickest point it has partially occluded the flow of
blood through the vessel. Not only does the plaque re-
strict the delivery of fresh blood to tissue and organs
downstream of the occlusion, but it can also trap blood
clots in the narrowed lumen, blocking all blood flow. An
additional, equally serious occurrence can arise from ca-
rotid plaque. Since the carotid arteries provide the supply
of blood to the brain, particulate matter in the carotid
blood flow can pose arisk of cranial vessel occlusion and
potentially stroke. Bits of plaque can break loose from
the endothelial lining of the carotid arteries and flow to
the brain, where they can occlude cranial blood vessels
of different dimensions and functionality, depending on
the size of the plaque particulates and their path of flow.
It would be desirable to be able to identify plaques with
this potential so thatintervention can be taken to minimize
or prevent the potential for stroke.

[0003] "New Quantification Methods for Carotid Intra-
plague Neovascularization Using Contrast-Enhanced
Ultrasound", by Z. Akkus et al., Ultrasound in Medicine
& Biology, vol. 40, no. 1, pages 25-36, 1 January 2014,
describe methods for quantification of intra-plaque neo-
vascularization (IPN), in which several IPN parameters
are derived to evaluate the IPN degree.

[0004] In publication "Contrast-enhanced sonographic
characteristics of neovascularization in carotid athero-
sclerotic plaques", by Pin-Tong Huang et al., Journal of
Clinical Ultrasound, vol. 36, no. 6, pages 346-351, 1 July
2008, features of neovascularization within carotid
atherosclerotic plaques were analyzed and correlated
with plaque size and echogenicity.

[0005] Document "Correlation of Carotid Plaque Neo-
vascularization Detected by Using Contrast-enhanced
US with Clinical Symptoms 1", by Li Xiong et al., Radiol-
ogy, vol. 251, no. 2, pages 583-589, 1 May 2009, studies
the correlation between the degree of plaque enhance-
ment with contrast agent microbubbles and clinical symp-
toms in patients with carotid atherosclerotic plaque, and
its use for plaque risk stratification.

[0006] Inpublication "Interactive visual analysis of con-
trast-enhanced ultrasound data based on small neigh-
bourhood statistics" by Paolo Angelelli et al. contrast-
enhanced ultrasound (CEUS) is used to investigate the
perfusion kinetics in tissue over time.
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[0007] The invention is defined by the independent
claims. Advantageous embodiments are provided in the
dependent claims.

[0008] Inaccordance with the principles of the present
invention, an ultrasonic diagnostic imaging system and
method are described which enable the assessment of
the risk of stroke from plaque build-up in the carotid ar-
tery. Carotid atherosclerotic plaques have areas of
plaque neovascularization and perfusion. A study using
images from twenty-four patients was conducted to dif-
ferentiate between symptomatic and asymptomatic pa-
tients based on plaque perfusion patterns. In this study
the perfusion of carotid plaques was evaluated both qual-
itatively and quantitatively in order to investigate differ-
ences in the perfusion between symptomatic and asymp-
tomatic patients. The patients were injected with 2ml of
Sonovue (Bracco s.p.a., Milan, Italy), an ultrasonic mi-
crobubble contrast agent, and one minute ultrasound
loops were acquired and saved as the contrast agent
flowed through the carotid artery and the microvascula-
ture (neovessels) of the plaque. The ultrasound images
can be acquired by B mode imaging which shows the
increasing signal intensity from microbubbles which per-
fuse the plaque. Preferably, the images are acquired by
colorflow imaging so that motion of the microbubbles can
simultaneously be detected along with signal intensity.
Signals exhibiting a high intensity harmonic return togeth-
er with Doppler-detected motion at the same location are
indicative of moving microbubbles at that location. This
correlation can be used to distinguish over and reject
signal returns from static bright reflectors which are often
artifacts. The result is the detection of dynamic contrast
agent microflow in the plaque vasculature.

[0009] Since the contrast-enhanced ultrasound image
sequence is to be used to calculate contrast time-inten-
sity curves (T-I curves) at each point in the plaque, it is
important to hold the imaging probe as stationary as pos-
sible during image acquisition so that the plaque in the
images will spatially correlate over the image sequence.
The spatial correlation can be improved by the use of
image stabilization, for instance, and/or by detecting and
compensating for global motion in the images as might
occur due to probe motion or physiological motion from
pulsatility or patient movement.

[0010] For the assessment of contrast perfusion of the
plaque a region-of-interest (ROI) is drawn around the
plaque in the images. This delineates the plaque without
including any portion of the lumen signal so that the po-
tentially large amplitude signals returning from the con-
trast agent flowing in the carotid lumen is excluded from
the analysis. In one implementation the intensity signal
from individual points in the plaque (pixels) can be used,
or groups of pixels can be aggregated and the mean in-
tensity of signals from the aggregated groups of pixels
used. In another implementation the mean intensity con-
trast agent signal from within the ROI containing the
plaque is sampled across time from image to image to
generate time intensity curves of the carotid plaque.



3 EP 3 097 538 B1 4

These and other techniques can be used to analyze the
intensity signal within the plaque. The signal intensity da-
ta is assessed by comparing the signal levels against a
threshold noise level and by assessing the distribution
of values of intensity before and after contrast arrival. If
there is a significant difference and distribution of values
characteristic of contrast build-up, the pixel is identified
as indicating perfusion. The mean T-I curve signal am-
plitude after the arrival of the microbubbles into the
plaque ROl is calculated for each pixel. A qualitative im-
age of the mean intensity signal amplitudes of the pixels
can be displayed as colors or intensities of a range of
values to indicate qualitatively the vascularization of the
plaque.

[0011] In accordance with a further aspect of the
present invention, quantitative perfusion assessment is
performed on the pixel data. The overall number of pixels
that have perfusion are divided by the total number of
pixels in the delineated image of the plaque. In one im-
plementation a binary grading system is then applied to
this result. Zero represents less than 50% of carotid
plaque area contained moving microbubbles and 1 rep-
resents more than 50% of the carotid plaque area con-
tained moving microbubbles. It was found that for the
patients of the study the mean contrast agent intensity
signal from the plaques was significantly higher for
asymptomatic patients (patients with no history of plaque
particulate breakup) than symptomatic patients (patients
with a history of plaque particulates in the blood flow).
The qualitative analysis results of the study showed that
only 25% (3/12) of asymptomatic patients had a score of
0 in comparison to 67% (8/12) of symptomatic patients.
[0012] In the drawings:

FIGURE 1 is an illustration of a blood vessel con-
taining plaque.

FIGURE 2 illustrates in block diagram form an ultra-
sound system constructed in accordance with the
principles of the present invention.

FIGURE 3 illustrates a contrast time-intensity curve.
FIGURES 4a and 5a are ultrasound images in which
plaques in carotid arteries have been outlined.
FIGURES 4b and 5b illustrate the change in signal
intensity in the plaque areas of FIGURES 4a and 5a
with the arrival of contrast agent flows in the plaques.
FIGURE 6 is a flowchart illustrating the steps of a
method of the present invention.

FIGURE 7 illustrates four qualitative images of
atherosclerotic plaque areas with different percent-
ages of perfusion.

[0013] In some embodiments, the present invention
provides ultrasound imaging systems, e.g., ultrasonic di-
agnostic imaging systems for the evaluation of plaque
by contrast enhanced ultrasound. The systems can in-
clude an ultrasound imaging probe having an array trans-
ducer which acquires a sequence of ultrasound images
of a plaque during contrast agent delivery. In certain em-
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bodiments, the systems can be configured to include
processors, memory, and other structures that can serve
as a time intensity curve calculator which forms a time
intensity curve for each point in a plaque image where
contrast is present, and a comparator which identifies
pixels in the plaque image where perfusion is present. In
some embodiments, the comparator can be operable to
compare pixel intensity values before and after contrast
arrival in the plaque. The systems can further include a
display which displays the degree of perfusion in the
plaque. In certain embodiments, the systems can include
an image processor which produces an anatomical map
of the plaque showing where perfusion is present. In ad-
dition, the systems can be configured to include proces-
sors, memory, and other structures that can serve as a
perfusion quantifier which quantifies the percentage of
pixels in the plaque image exhibiting perfusion. The sys-
tems, in some embodiments, can include a frame mem-
ory which stores the acquired sequence of ultrasound
images. In certain embodiments, the systems can be
configured to include processors, memory, and other
structures that can serve as an image stabilizer, respon-
sive to images stored in the frame memory, which com-
pensates for frame-to-frame motion. In some embodi-
ments, the systems can be configured to include proc-
essors, memory, and other structures that can serve as
aplaque tracer which outlines a plaque in a carotid image.
In some embodiments, the plaque tracer can be control-
led via a user control of an ultrasound system control
panel such that a user can manually trace the plaque as
shown on the display.

[0014] In some embodiments, the systems of the
present invention can be configured to acquire, using an
ultrasound probe, a sequence of ultrasound images of a
plaque during contrast agent delivery, calculate a time
intensity curve for each point in a plaque image where
contrast is present, identify pixels in the plaque image
where perfusion is present, and display the degree of
perfusion in the plaque. The various hardware compo-
nents can be included in the system to carry out the var-
ious functions. For example, a stand-alone processor
configured to receive data, carry out certain functions on
the data, and then output the processed data. Alterna-
tively, the system can include several hardware compo-
nents (e.g., processors) that work together according to
encoded software protocols to carry out the various
steps. Such software and structures for carrying out the
functions would be readily apparent to one of ordinary
skill in the art.

[0015] Referring now to FIGURE 2, an ultrasound sys-
tem constructed in accordance with the principles of the
present invention is shown in block diagram form. An
ultrasonic probe 12 includes an array 14 of ultrasonic
transducer elements that transmits and receives ultra-
sonic signals. The array 14 may be a one dimensional
linear or curved array for two dimensional imaging, or
may be a two dimensional (2D) matrix of transducer el-
ements for electronic beam steering in three dimensions.
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The array 14 may also be a one dimensional array that
is mechanically swept back and forth by the ultrasonic
probe 12 to scan a three dimensional volume of the body.
The ultrasonic transducers in the array 14 transmit ultra-
sonic energy and receive echoes returned in response
to this transmission. A transmit/receive ("T/R") switch 22
is coupled to the ultrasonic transducers in the array 14
to selectively couple echo signals from the transducer
elements to A/D converters 30 during the receive phase
of operation. The times at which the array 14 is activated
to transmit signals may be synchronized to an internal
system clock, or may be synchronized to a bodily function
such as the heart cycle, for which a heart cycle waveform
is provided by an electrocardiography (ECG) device 26.
When the heartbeat is at the desired phase of its cycle
as determined by the waveform provided by the ECG
device 26, the ultrasonic probe 12 is commanded to ac-
quire an ultrasonic image. In the conduct of the method
of the present invention, a continuous sequence of real
time image frames of a carotid artery is acquired as blood
containing contrast agent begins to perfuse the vascula-
ture of plaques in the carotid.

[0016] Echoes from the transmitted ultrasonic energy
are received by the transducer elements of the array 14,
which generate echo signals that are coupled through
the T/R switch 22 and digitized by analog to digital ("A/D")
converters 30 when the system uses a digital beamform-
er. Analog beamformers may alternatively be used. The
A/D converters 30 sample the received echo signals at
a sampling frequency controlled by a signal f, generated
by a central controller 28. The desired sampling rate dic-
tated by sampling theory is at least twice the highest fre-
quency of the received passband, and might be on the
order of 30-40 MHz. Sampling rates higher than the min-
imum requirement are also desirable. Control of the ul-
trasound system and the setting of various parameters
forimaging, such as probe selection, are affected by user
manipulation of the controls of the user interface of a
control panel 20 which is coupled to and applies its control
through the central controller 28.

[0017] The echo signal samples from the individual
transducer elements of the array 14 are delayed and
summed by a beamformer 32 to form digital coherent
echo signals. For 3D imaging with a two dimensional ar-
ray, it is preferable to partition the beamformer 32 be-
tween a microbeamformer located in the ultrasonic probe
12 and the main beamformer in the system mainframe
as described in US Pat. 6,013,032 (Savord) and US Pat.
6,375,617 (Fraser). The digital coherent echo signals are
then filtered by a digital filter 34. In this embodiment, the
probe transmit frequency and the receiver frequency are
individually controlled so that the beamformer 32 is free
to receive a band of frequencies which is different from
that of the transmitted band such as a harmonic frequen-
cy band for detection of harmonic contrast agents. The
digital filter 34 bandpass filters the signals, and can also
shift the frequency band to a lower or baseband frequen-
cy range. The digital filter 34 could be a filter of the type
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disclosed in U.S. Patent No. 5,833,613 (Averkiou et al.),
for example. Filtered echo signals from scans of succes-
sive image frames are stored in a frame memory 42.
Since it is important for the calculation of precise time
intensity curves that pixels of successive image frames
be spatially aligned, registration of the successive frames
is performed by an image stabilizer 44. This spatial cor-
relation is preferably performed by use of an image sta-
bilizer as described in US Pat. 6,589,176 (Jago et al.)
[0018] The spatially aligned image frames are coupled
from the frame memory 42 to a B mode processor 36 for
conventional B mode processing and the production of
2D B mode images. The image frames, and particularly
their harmonic contrast agent signal content returned
from microbubbles, are coupled to a contrast signal proc-
essor 38. The contrast signal processor 38 preferably
separates echoes returned from harmonic contrast
agents by the pulse inversion technique, in which echoes
resulting from the transmission of multiple pulses to an
image location are combined to cancel fundamental sig-
nal components and enhance harmonic components. A
preferred pulse inversion technique is described in U.S.
patent 6,186,950 (Averkiou et al.)

[0019] The filtered echo signals from the frame mem-
ory 42 are also coupled to a Doppler processor 40 for
conventional Doppler processing to produce velocity
and/or power Doppler images. The output signals from
these three processors 36, 38, 40 may be scan converted
and displayed as planar 2D images, for which their out-
puts are coupled to an image processor 50 for a display
52. Their outputimages, when 3D scanning is performed,
may also be rendered as three dimensional (3D) images,
which may also be processed for display on display 52.
[0020] Afterasequence ofimage frames has been ac-
quired during contrast agent delivery and stored in the
frame memory 42, the user may review the images in the
B mode, examples of which are shown in FIGURES 4a
and 5a. These are images of carotid arteries containing
plaque. The large bright areas 62 in the images are re-
gions of blood flow containing contrast agent, which re-
turn particularly strong (and hence brightly displayed)
echo signals. The vessel wall 18 is distinctly shown in
FIGURE 4a with its vasculature perfused with contrast.
A discerning user can also spot plaques in the images.
Unlike the lumen of the vessel, the microvasculature of
plaques will contain much less contrast and hence ap-
pear as darker areas in the images. The plaque can be
traced a variety of ways. For example, the system can
include a plaque tracer that can automatically or under
manual control be used to trace the plaque as displayed
on a screen. For example, the user can trace or outline
these plaques when they are spotted, and these outlined
plaque areas are processed as described below. The
plaque tracer can be included in the system as a stand-
alone processor configured to receive data, carry out cer-
tain functions on the data, and then output the processed
data. Alternatively, the system can include several hard-
ware components (e.g., processors) that work together
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according to encoded software protocols to carry out the
various steps performed by the T-I curve calculator. Such
software and structures for carrying out the functions
would be readily apparent to one of ordinary skill in the
art. FIGURES 4a and 5a each contain a plaque 60 which
the user has outlined using a control on the control panel
20 such as a trackball or mouse.

[0021] The identification of the plaque outline area 60
is coupled to a time-intensity (T-1) curve calculator 46 as
shown in FIGURE 2. The time intensity curve calculator
as shown can be included in the system as a stand-alone
processor configured to receive data, carry out certain
functions on the data, and then output the processed
data. Alternatively, the system can include several hard-
ware components (e.g., processors) that work together
according to encoded software protocols to carry out the
various steps performed by the T-I curve calculator. Such
software and structures for carrying out the functions
would be readily apparent to one of ordinary skill in the
art. The T-Il curve calculator then processes the pixels of
the plaques in the sequence of image frames to form a
time intensity curve for each point in the plaque. When
contrast agent s flowing at a particular point in the plaque
during contrast delivery, the contrast agent will build up
following its initial arrival time as shown in FIGURES 4b
and 5b, which correspond to points in FIGURES 4a and
5a, respectively. The T-I curve calculator processes this
build-up in contrast signal intensity to produce a time in-
tensity curve as described in US pat. pub. no.
US2012/0253190 (Gauthieretal.)and US Pat. 8,460,194
(Averkiou et al.) An idealized time intensity curve 60’ is
shown in FIGURE 3. It is seen that this curve begins to
increase following the initial arrival of contrast agent at
time t0, builds up to a maximum amplitude A at the time
of maximum contrast perfusion, then gradually declines
as the contrast agent flows out of that region of the body.
[0022] A comparator 48 performs several checks on
the time intensity curve data to verify that contrast agent
is indeed present at each point for which a time intensity
curve has been produced. The comparator as shown can
be included in the system as a stand-alone processor
configured to receive the curve data and verify the pres-
ence of contrast agent. Alternatively, the system can in-
clude several hardware components (e.g., processors)
that work together according to encoded software proto-
cols to carry out the various steps performed by the com-
parator. Such software and structures for carrying out
the functions would be readily apparent to one of ordinary
skill in the art. (If there is no flow of contrast at a point,
there will be no time intensity curve for that point.). One
check is to compare the distribution of the intensity values
before the arrival of the contrast agent (i.e., noise distri-
bution) with the distribution of values after the arrival of
the contrast agent. In one implementation the Kol-
mogorov-Smirnov two-sample test is used. Additional
statistical tests or methods can also be used to compare
the intensity distribution. If the distribution of intensity val-
ues before the arrival of the contrast agent, i.e., noise, is
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statistically different from the distribution of values after
the arrival of the contrast agent, then that pixel or group
of pixels is considered to be perfused. In another imple-
mentation the amplitude of the time intensity curve is
compared against a noise threshold. Amplitude spikes
from artifacts in the image data are thereby eliminated
from consideration as contrast. Another test is to com-
pare the maximal amplitude region of the curve 60’
against a contrast threshold. This threshold is a level
which a contrast agent response should exceed for a
sustained period of time. When the time intensity curve
from a point in the plaque region passes both of these
tests, it is confirmed that a flow of contrast agent was
present at the point.

[0023] A qualitative image of perfusion may now be
formed for the plaque region. The maximum intensity am-
plitudes A or the mean signal intensity of the time intensity
curves or the statistical probability of perfusion at the
points where contrast was present may be mapped to
corresponding colors of a color map, and the color map
may be displayed as a parametric overlay over a B mode
image of the plaque region as described in US Pat.
6,692,438 (Skyba et al.) For instance, region of contrast
perfusion may be displayed in varying shades of red and
areas with no perfusion may be displayed as black. The
user can thus observe the degree of perfusion of the
plaque, the degree to which it contains vascularization.
FIGURE 7 illustrates four regions of plaque 70 with var-
ying degrees of perfusion, each shown against a black
background. Within each plaque region, points which are
perfused are shown in white and points with no perfusion
are shown in black. In FIGURE 7a the plaque area 70 is
100% perfused. In FIGURE 7b the plaque area 70 is 76%
perfused. In FIGURE 7c¢ the plaque area 70 is 38% per-
fused and in FIGURE 7d the plaque area 70 is only 26%
perfused.

[0024] In accordance with a further aspect of the
present invention, the overall perfusion of a plaque is
quantified by a perfusion quantifier 54. The perfusion
comparator as shown can be included in the system as
a stand-alone processor configured to receive data and
quantify perfusion of the plaque. Alternatively, the system
can include several hardware components (e.g., proces-
sors) that work together according to encoded software
protocols to carry out the various steps performed by the
perfusion quantifier. Such software and structures for
carrying out the functions would be readily apparent to
one of ordinary skill in the art. The overall number of
pixels in a plaque area 70 that have perfusion are divided
by the total number of pixels in the image of the plaque.
In one implementation a binary grading system is then
applied to this result. Zero represents less than 50% of
a carotid plaque area 70 contained moving microbubbles
and 1 represents more than 50% of the carotid plaque
area contained moving microbubbles. The threshold at
which zero and 1 are determined can change with the
perfusion detection technique, the sensitivity of the tech-
nique, the statistical probability deemed significant and
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any subsequent experimental or clinical studies conduct-
ed to determine the optimal clinical threshold. To en-
hance the reliability of these results, the perfusion quan-
tifier receives the Doppler flow map of the plaque. Each
point where a valid time intensity curve of contrast was
found should also be found to exhibit motion at the cor-
responding point in the Doppler flow map, since the con-
trast agent must be flowing at the point. The presence of
Doppler-identified motion at a point where contrast and
a time intensity curve were found confirms the point as
having contrast present. A highly reliable quantification
of perfusion is thereby produced and displayed on the
display 52. 1t has been found that the mean contrast agent
intensity signal from a plaque is significantly higher for
asymptomatic patients (patients with no history of plaque
particulate breakup) than symptomatic patients, patients
with a history of plaque particulates in the blood flow. The
categorization of the risk of stroke can be further compli-
cated in cases where there is inter-plaque hemorrhage,
presence of thrombus or any disruption of the microvas-
culature of the plaque. The clinical predictors of stroke
are to be assessed and investigated based on the per-
fusion detection techniques outlined herein.

[0025] Insome embodiments, the presentinvention in-
cludes methods for evaluating plaque. For example, the
presentinvention includes methods of evaluating plaque
with contrast enhanced ultrasound. The methods can in-
clude acquiring a sequence of ultrasound images during
contrast agent delivery of a carotid artery having plaque,
identifying a plaque in an ultrasound image, comparing
intensity values at locations in the plaque before and after
the arrival of contrast, identifying points in the image hav-
ing perfusion, and displaying the degree of perfusion in
the plaque. In some embodiments, the identifying a
plaque can include outlining a plaque in one of the ultra-
sound images. In certain embodiments, the methods can
include forming a time intensity curve at each pointin the
plaque where contrast is present. The methods can in-
clude forming an anatomical map of the plaque which
shows points where perfusion has been identified and/
or quantifying the percentage of points in an image of the
plaque which exhibit perfusion. In certain embodiments,
the methods can include compensating for frame-to-
frame motion in the sequence of ultrasound images
and/or correlating points in the image of the plaque where
perfusion has been identified with points in the image of
the plaque where motion is present. The methods can
also include forming a time intensity curve of the mean
signal from within the plaque to identify the arrival of the
contrast agent in the plaque.

[0026] FIGURE 6 is a flowchart of a method of the
present invention. In step 100 an image sequence of a
carotid artery is acquired, typically lasting at least a
minute following infusion of contrast. This captures im-
ages of any plaque microflow containing the contrast
agent. In step 102 frame-to-frame motion is compensat-
ed using motion compensation techniques so that the
plaque is in registration with the same pixels over the
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image sequence. In step 104 the plaque region is delin-
eated in the images as by tracing. In step 106 a time-
intensity curve is formed for each pixel in the plaque re-
gion. The contrast arrival time may be estimated based
on agiven increase of the mean intensity within the whole
plaque, groups of pixels or individual pixels above the
noise level. In step 108 the intensity values at each point
where contrast is present is compared before and after
contrast arrival and, if there is a significant difference,
the pixel is identified as having perfusion. This identifica-
tion of perfusion is done for every pixel or group of pixels
(step 110). In step 112 the percentage of the total pixels
in the plaque exhibiting perfusion is quantified. This is
done by dividing the overall number of pixels that have
perfusion by the total number of pixels in the image of
the plaque. In step 114 a qualitative result is presented
by forming an anatomical map of the percentage of the
plaque that is perfused as shown in FIGURE 7.

Claims

1. Anultrasonic diagnosticimaging system for the eval-
uation of plaque by contrast enhanced ultrasound,
the system comprising:

an ultrasound imaging probe (12) having an ar-
ray transducer (14) configured to acquire a se-
quence of ultrasound images of a plaque region
(60, 70) in a carotid artery during contrast agent
delivery; and

a display (52) configured to display the degree
of perfusion in the plaque region;
characterized in that the system further com-
prises:

atime intensity curve calculator (46) config-
ured to form a time intensity curve for each
pixel in the plaque region in the ultrasound
images of the sequence where contrast
agent is present;

a comparator (48) configured to identify pix-
els in the plaque region where perfusion is
present based on the time intensity curves
for the pixels in the plaque region; and

a perfusion quantifier (54) configured to
quantify the percentage of pixels in the
plaque region exhibiting perfusion.

2. The ultrasonic diagnostic imaging system of Claim
1, further comprising an image processor (50) con-
figured to produce an anatomical map of the plaque
region showing where perfusion is present.

3. The ultrasonic diagnostic imaging system of Claim
1, further comprising a frame memory (42) config-
ured to store the acquired sequence of ultrasound
images.
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The ultrasonic diagnostic imaging system of Claim
3, further comprising an image stabilizer (44) config-
ured to compensate for frame-to-frame motion.

The ultrasonic diagnostic imaging system of Claim
1, further comprising a plaque tracer which outlines
a plaque in a carotid image.

The ultrasonic diagnostic imaging system of Claim
5, wherein the plaque tracer further comprises a user
control of an ultrasound system control panel.

The ultrasonic diagnostic imaging system of Claim
1, wherein the comparator is further operable tocom-
pare pixel intensity values before and after contrast
arrival in the plaque region.

A method of evaluating plaque with contrast en-
hanced ultrasound, the method comprising:

acquiring a sequence of ultrasound images dur-
ing contrast agent delivery (100) of a carotid ar-
tery having plaque;

identifying a plaque region in an ultrasound im-
age of the sequence (104); and

displaying the degree of perfusion in the plaque
region (114)

characterized in the steps of:

forming time intensity curves for each pixel
in the plaque region (106) where contrast
agent is present;

identifying one or more pixels in the plaque
region where perfusion is present based on
the time intensity curves for the pixels in the
plaque region (110); and

quantifying the percentage of pixels in the
plaque region exhibiting perfusion.

The method of Claim 8, wherein identifying a plaque
region further comprises outlining a plaque region in
one of the ultrasound images.

The method of Claim 8, further comprising forming
an anatomical map of the plaque region which shows
pixels where perfusion has been identified.

The method of Claim 8, further comprising compen-
sating for frame-to-frame motion in the sequence of
ultrasound images.

The method of Claim 8, further comprising correlat-
ing pixels in the image of the plaque region where
perfusion has been identified with pixels in the image
of the plaque region where motion is present.

The method of Claim 8, further comprising forming
a time intensity curve of the mean signal from within
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the plaque region to identify the arrival of the contrast
agent in the plaque region.

Patentanspriiche

1.

Ultraschallsystem zur diagnostischen Bildgebung
zur Auswertung von Plaque durch kontrastverstark-
ten Ultraschall, wobei das System Folgendes um-
fasst:

eine Ultraschallbildgebungssonde (12) mit ei-
nem Arraywandler (14), der konfiguriert ist, um
eine Sequenz von Ultraschallbildern einer
Plaqueregion (60, 70) in einer Karotisarterie
wahrend Kontrastmittelabgabe zu erfassen;
und

eine Anzeige (52), die konfiguriert ist, um den
Perfusionsgrad in der Plaqueregion anzuzei-
gen;

dadurch gekennzeichnet, dass das System
ferner Folgendes umfasst:

eine Zeit-Intensitat-Kurve-Berechnungs-
einheit (46), die konfiguriert ist, um eine
Zeit-Intensitat-Kurve fir jedes Pixel in der
Plaqueregion in den Ultraschallbildern der
Sequenz zu bilden, wo Kontrastmittel vor-
handen ist;

einen Komparator (48), der konfiguriert ist,
um basierend auf den Zeit-Intensitat-Kur-
ven fir die Pixel in der Plaqueregion Pixel
in der Plaqueregion zu identifizieren, wo
Perfusion vorhanden ist; und

einen Perfusionsquantifizierer (54), der
konfiguriert ist, um den Prozentsatz von Pi-
xelnin der Perfusion aufweisenden Plaque-
region zu quantifizieren.

Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 1, ferner umfassend einen Bildpro-
zessor (50), der konfiguriert ist, um eine anatomi-
sche Karte der Plaqueregion zu erzeugen, die zeigt,
wo Perfusion vorhanden ist.

Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 1, ferner umfassend einen Einzel-
bildspeicher (42), der konfiguriertist, um die erfasste
Sequenz von Ultraschallbildern zu speichern.

Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 3, ferner umfassend einen Bildsta-
bilisator (44), der konfiguriert ist, um Bewegung von
Einzelbild zu Einzelbild zu kompensieren.

Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 1, ferner umfassend einen Plaque-
Tracer, der Plaque in einem Karotisbild skizziert.
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Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 5, wobei der Plaque-Tracer ferner
eine Benutzersteuerung eines Ultraschallsystem-
Bedienfelds umfasst.

Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 1, wobei der Komparator ferner be-
triebsfahigist, um Pixelintensitatswerte vorund nach
dem Eintreffen von Kontrastmittel in der Plaquere-
gion zu vergleichen.

Verfahren zum Auswerten von Plaque mit kontrast-
verstarktem Ultraschall, wobei das Verfahren Fol-
gendes umfasst:

Erfassen einer Sequenz von Ultraschallbildern
einer Karotisarterie mit Plaque wahrend Kon-
trastmittelabgabe (100);

Identifizieren einer Plaqueregion in einem Ultra-
schallbild der Sequenz (104); und

Anzeigen des Perfusionsgrads in der Plaquere-
gion (114);

gekennzeichnet durch die folgenden Schritte:

Bilden von Zeit-Intensitat-Kurven fir jedes
Pixel in der Plaqueregion (106), wo Kon-
trastmittel vorhanden ist;

Identifizieren von einem oder mehreren Pi-
xeln in der Plaqueregion, wo Perfusion vor-
handen ist, basierend auf den Zeit-Intensi-
tat-Kurven fur die Pixel in der Plaqueregion
(110); und

Quantifizieren des Prozentsatzes von Pi-
xelnin der Perfusion aufweisenden Plaque-
region.

Verfahren nach Anspruch 8, wobei das Identifizieren
einer Plaqueregion ferner das Skizzieren einer
Plaqueregion in einem der Ultraschallbilder umfasst.

Verfahren nach Anspruch 8, ferner umfassend das
Bilden einer anatomischen Karte der Plaqueregion,
die Pixel zeigt, wo Perfusion erkannt wurde.

Verfahren nach Anspruch 8, ferner umfassend das
Kompensieren von Bewegung von Einzelbild zu Ein-
zelbild in der Sequenz von Ultraschallbildern.

Verfahren nach Anspruch 8, ferner umfassend das
Korrelieren von Pixeln in dem Bild der Plaqueregion,
wo Perfusion erkannt wurde, mit Pixeln in dem Bild
der Plaqueregion, wo Bewegung vorhanden ist.

Verfahren nach Anspruch 8, ferner umfassend das
Bilden einer Zeit-Intensitat-Kurve des mittleren Sig-
nals aus der Plaqueregion, um das Eintreffen von
Kontrastmittel in der Plaqueregion zu erkennen.
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Revendications

Systéme d’imagerie diagnostique ultrasonore pour
I’évaluation d’une plaque par des ultrasons a con-
traste amélioré, le systéeme comprenant :

une sonde d’'imagerie ultrasonore (12) ayant un
transducteur a réseau (14) configuré pour ac-
queérir une séquence d’images ultrasonores
d’une région de plaque (60, 70) dans une artére
carotide pendant une distribution d’'un agent de
contraste ; et

un affichage (52) configuré pour afficher le degré
de perfusion dans la région de plaque ;
caractérisé en ce que le systéeme comprend en
outre :

un calculateur de courbe temps/intensité
(46) configuré pour former une courbe
temps/intensité pour chaque pixel dans la
région de plaque dans les images ultraso-
nores de la séquence ou un agent de con-
traste est présent ;

un comparateur (48) configuré pour identi-
fier des pixels dans la région de plaque ou
une perfusion est présente sur la base des
courbes temps/intensité pour les pixels
dans la région de plaque ; et

un quantificateur de perfusion (54) configu-
ré pour quantifier le pourcentage de pixels
dans la région de plaque présentant une
perfusion.

Systéme d'imagerie diagnostique ultrasonore selon
la revendication 1, comprenant en outre un proces-
seur d’'image (50) configuré pour produire une carte
anatomique de la région de plaque indiquant ou une
perfusion est présente.

Systéme d’'imagerie diagnostique ultrasonore selon
larevendication 1, comprenant en outre une mémoi-
re cadre (42) configurée pour stocker la séquence
acquise d’'images ultrasonores.

Systéme d’'imagerie diagnostique ultrasonore selon
la revendication 3, comprenant en outre un stabili-
sateur d'image (44) configuré pour compenser un
mouvement image par image.

Systéme d’'imagerie diagnostique ultrasonore selon
la revendication 1, comprenant en outre un traceur
de plaque qui souligne une plaque dans une image
carotidienne.

Systéme d’'imagerie diagnostique ultrasonore selon
la revendication 5, dans lequel le traceur de plaque
comprend en outre une commande utilisateur d’'un
panneau de commande de systéme a ultrasons.
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Systeme d’'imagerie diagnostique ultrasonore selon
la revendication 1, dans lequel le comparateur peut
en outre étre actionné pour comparer des valeurs
d’intensité de pixels avant et aprés une arrivée de
contraste dans la région de plaque.

Procédé d’évaluation d’'une plaque avec des ultra-
sons a contraste amélioré, le procédé comprenant :

'acquisition d’'une séquence d'images ultraso-
nores pendant une distribution d’agent de con-
traste (100) d’une artére carotide ayant une
plaque ;

l'identification d’'une région de plaque dans une
image ultrasonore de la séquence (104) ; et
I'affichage du degré de perfusion dans la région
de plaque (114)

caractérisé par les étapes consistant a :

former des courbes temps/intensité pour
chaque pixel dans la région de plaque (106)
ou un agent de contraste est présent ;
identifier un ou plusieurs pixels dans la ré-
gion de plaque ou une perfusion est présen-
te sur la base des courbes temps/intensité
pour les pixels dans la région de plaque
(110) ; et

quantifier le pourcentage de pixels dans la
région de plaque présentant une perfusion.

Procédé selon la revendication 8, dans lequel une
identification d’une région de plaque comprend en
outre le soulignement d’'une région de plaque dans
une des images ultrasonores.

Procédé selon la revendication 8, comprenant en
outre la formation d’'une carte anatomique de la ré-
gion de plaque qui montre des pixels ou une perfu-
sion a été identifiée.

Procédé selon la revendication 8, comprenant en
outre une compensation pour un mouvementimage
par image dans la séquence d’images ultrasonores.

Procédé selon la revendication 8, comprenant en
outre une corrélation de pixels dans 'image de la
région de plaque ou une perfusion a été identifiée
avec des pixels dans I'image de la région de plaque
ou un mouvement est présent.

Procédé selon la revendication 8, comprenant en
outre la formation d’'une courbe temps/intensité du
signal moyen provenant de l'intérieur de la région de
plaque pouridentifier 'arrivée de 'agentde contraste
dans la région de plaque.
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