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Description

[0001] This disclosure relates generally to imaging systems and more specifically to a method and system for elasticity
imaging.

[0002] Elasticity imaging consists of inducing motion in a biological tissue and evaluating the response of the tissue
using diagnostic imaging techniques. Elasticity imaging can be used to reveal the mechanical properties of the tissue,
such as Poisson’s Ratio, Young’s Modulus or other stiffness measurements. The measurements can provide an array
of data in which array locations correspond to tissue locations in an image plane. The array of data may be mapped to
a gray scale or a color map to form a picture. Elasticity imaging can include capturing the data during externally or
internally applied tissue motion or deformation; evaluating tissue response, and presenting an image representative of
the tissue property.

[0003] Elasticity imaging techniques can be categorized into two groups based on tissue excitation techniques. Static
methods use quasistatic compression and estimate resulting tissue strain. Stiff tissue shows less strain than softer tissue
under applied force. Thus, by estimating tissue strain induced by compression, tissue stiffness information can be
obtained. The estimated strain can also be used for reconstruction of the tissue elasticity modulus. The other category
is based on inducing a dynamic excitation in tissue (dynamic method). In sonoelasticity, low frequency vibration (<1
kHz) is applied to tissues, and the tissue response is inspected. Another approach in this category is acoustic remote
palpation where acoustic radiation force is applied in a local tissue area, and the resulting displacement is estimated.
[0004] In elasticity imaging, the ultrasound data before and after the compression is recorded to determine axial and
lateral motions using correlation methods. The determined motions along the ultrasound propagation direction represent
the axial displacement map of the tissue and are used to determine the axial strain map. The strain map is then displayed
as a gray scale or color-coded image and is called an elastogram.

[0005] US2006/0025682 A1 discloses a method and apparatus for providing improved ultrasonic strain measurements
of soft tissue. Rather than deducing tissue strain by measuring motion of the tissue under assumptions about stress
fields and acoustic properties, strain is therein deduced directly from the modification of the ultrasonic signal caused by
changes in the acoustic properties of the material.

[0006] However, the applied stress during elasticity imaging can be non-uniform within the image plane. This can
resultin a strain image with variable appearance over the field of view even for tissue with uniform stiffness. For example,
the strain image can vary with depth in uniform tissue due to stress decay over depth. This can mislead users to perceive
that the strain variation is due to a variation in tissue stiffness.

[0007] Thus, there is a need for a method and system for compensating for the strain variation that is not caused by
the actual stiffness variation in tissue. There is yet a further need for such a method and system that presents images
with more easily recognizable differences between normal tissue and lesions. There is yet a further need for such a
method and system that provides more easily recognized local areas of abnormal strain.

[0008] In one exemplary embodiment of the present disclosure, a method of elasticity imaging according to claim 1 is
provided. The method can include transmitting ultrasonic energy and receiving echoes therefrom; processing imaging
data from the echoes associated with an applied stress of a physiology of a patient; obtaining a strain compensation
function associated with the applied stress; applying the strain compensation function to the imaging data to generate
a compensated strain image; and presenting the compensated strain image. The method furthermore comprises the
step of adjusting the strain compensation function based on user inputs, wherein the user inputs are based on expected
results associated with a portion of the physiology.

[0009] In another exemplary embodiment, a computer readable storage medium according to claim 10 in which com-
puter-executable code is stored, is provided. The computer-executable code is configured to cause a computing device
in which the computer-readable storage medium is loaded to execute the steps of the above mentioned method.
[0010] In a further exemplary embodiment, an ultrasound imaging system according to claim 11 is provided that can
have a probe for transmitting ultrasonic energy into a physiology of a patient and receiving echoes, a display device,
and a processor operably coupled to the probe and the display device. The processor can process ultrasound imaging
data associated with an applied stress of the physiology of the patient. The processor can generate a strain compensation
function associated with the applied stress based on at least one of (i) user inputs based on expected results associated
with a portion of the physiology, (ii) a strain compensation model generated prior to processing the ultrasound imaging
data, and (iii) at least a portion of the processed imaging data. The processor can apply the strain compensation function
to the imaging data to generate a compensated strain image. The processor can present on the display device at least
one of the compensated strain image and an inverse of the compensated strain image. The system further comprises
a compensation function control adapted to be actuated by a user such that the magnitude of the strain compensation
function is adjusted based on results expected by the user and associated with the portion of the physiology.

[0011] Thetechnical effectincludes, butis notlimited to, presentingimages that qualitatively highlight elastic differences
in the physiology of a body. The technical effect further includes, but is not limited to, presenting images that highlight
differences between normal tissue and lesions. The technical effect yet further includes, but is not limited to, presenting



10

15

20

25

30

35

40

45

50

55

EP 2 229 103 B1

images that highlight localized areas of abnormal strain.
[0012] The above-described and other features and advantages of the present disclosure will be appreciated and
understood by those skilled in the art from the following detailed description, drawings, and appended claims.

Figure 1 is a schematic illustration of a system for performing elastic imaging according to an exemplary embodiment
of the present invention;

Figure 2 is a schematic illustration of a portion of the system of FIG. 1;

Figure 3 is a method that can be used by the system of FIG. 1 for performing elastic imaging according to an
exemplary embodiment of the present invention;

Figure 4 is a method that can be used by the system of FIG. 1 for performing elastic imaging according to another
exemplary embodiment of the present invention;

Figure 5 is a method that can be used by the system of FIG. 1 for performing elastic imaging according to another
exemplary embodiment of the present invention;

Figure 6 is an elastogram showing an uncompensated strain image of a tissue with a hard inclusion;
Figure 7 is an elastogram showing the inverse of the uncompensated strain image of FIG. 6;

Figure 8 is an image of one of a number of exemplary strain compensation functions generated according to the
system or methods of FIGS. 1-5;

Figure 9is an elastogram showing an exemplary compensated strain image generated using the strain compensation
function of FIG. 8;

Figure 10 is an elastogram showing the inverse of the compensated strain image of FIG. 9;

Figure 11 is an image of another of a number of exemplary strain compensation functions generated according to
the system or methods of FIGS. 1-5; and

Figure 12 is an elastogram showing an exemplary compensated strain image generated using the strain compen-
sation function of FIG. 11.

[0013] The exemplary embodiments of the present disclosure are described with respect to data capture and imaging
of a body performed by an ultrasound imaging device based on strain being examined with respect to a physiology of
the body. It should be understood by one of ordinary skill in the art that the exemplary embodiments of the present
disclosure can be applied to various portions of the body and various physiology, whether human or animal, such as
tissue, organs, and so forth, including the liver. The applied stress resulting in the examined strain of the presentdisclosure
can be external or internal to the body. The source of the applied stress can vary, such as generated from pressing
down with the transducer, generated by a separate device, generated by application of wave propagation through the
tissue, or created by the body itself, including arterial pulsations or respiratory variations in the patient. The amount
and/or timing of the applied stress can also vary, including periodically applied stress that is qualitatively examined
according to the exemplary embodiments of the present disclosure.

[0014] The exemplary embodiments of the present disclosure can provide a more uniform strain image, such as for
homogeneous tissue over a field of view, or a portion thereof, of the ultrasound system, and can highlight various
physiological differences, such as between normal tissue and lesions. In one embodiment, an elastographic image can
be generated by normalizing the strain image with a modified or estimated stress. The modified or estimated stress can
be user-generated and/or system-generated as will be described later.

[0015] The strain being examined is related to the stress and the elastic modulus of the tissue as follows:

Strain(X,Y) = Stress(X,Y) /( Elasticity Modulus (X.Y)) (D

or, equivalently:



10

15

20

25

30

35

40

45

50

55

EP 2 229 103 B1

Strain(X,Y)/ Stress(X.Y) = 1/(Elasticity Modulus (X,Y))  (2)

[0016] A modification or estimate of the stress can be generated, SC(X,Y), for the applied stress. The modified stress,
SC(X,Y), can then be used to generate an estimate of the elastic modulus distribution as follows:

(1 / Elastic Modulus (X,Y)) o (Strain(X.Y) /SC(X,Y)) 3)

or, equivalently:

(Elastic Modulus (X,Y)) « (SC(X.Y) /Strain(X,Y)) (4)

[0017] The present disclosure contemplates that a compensated strain image generated according to an exemplary
embodiment of the present disclosure can provide normal tissue with a more uniform appearance than an uncompensated
strain image, helping to highlight localized areas of abnormal strain. The qualitative results provided by the compensated
strain image of the present disclosure can be applicable even where the modified stress SC(X,Y) deviates significantly
from the actual stress distribution in tissue.

[0018] Referring to the drawings, and in particular to FIG. 1, an ultrasound imaging system in accordance with one
exemplary embodiment of the invention is shown and generally represented by reference numeral 10. The system 10
can perform ultrasound imaging on a patient’s body 50, such as of an organ or tissue 150, and can include a processor
or other control device 100, a probe or transducer 120, and a display device 170. The system 10 can include a stress
device 125 for generating and applying the stress to the body 50. The stress device 125 can be an externally and/or
internally used device, and can provide the applied stress to the region of interest in a number of different ways, including
energy wave propagation or mechanically generated forces.

[0019] Referring additionally to FIG. 2, the processor 100 can include various components for performing ultrasound
imaging, and can employ various imaging techniques, such as with respect to data capture, analysis and presentation.
For example, the processor 100 can include a strain function control or actuator 205 to adjust the strain compensation
function, as will be described later. The processor 100 can also include a time-gain compensation control or actuator
210, and a lateral-gain compensation control or actuator 215, as well as other ultrasound components, such as a
transmitter/receiver, a beamformer, an echo processor, and a video processor. The present disclosure also contemplates
one or more of these components being combined.

[0020] In one embodiment, the ultrasonic probe 120 can include a linear array of ultrasonic transducer elements 225
which transmit and receive the ultrasonic energy, such as under the control of the beamformer. For example, the
beamformer can control the timing of actuation of the transducer array elements 225 by activating transducer pulsers
of the transmitter/receiver at appropriate times. In another embodiment, the probe 120 can be a matrix array transducer
that provides a steered and focused ultrasonic beam.

[0021] The display device 170, such as with the assistance of the video processor, can then be used to present the
image generated by the processor 100. Various other components and techniques can be utilized by system 10 for
generating, transmitting and receiving ultrasonic energy, as well as for processing the received ultrasonic energy. The
components and techniques of system 10 allow for presentation of a strain image in 2D or 3D on the display device 170
of a region of interest of the body 50. In one embodiment, the system 10 can also include a memory device, such as a
CINELOOP® memory. For example, the memory device can store data processed by the system 10 to form a first strain
image or image stream so that subsequent strain images or image streams can be generated therefrom. Other compo-
nents and/or techniques can also be used with the processor 100, such as an automatic border detection processor that
can define and graphically overlay anatomical borders with respect to the images presented. The present disclosure
also contemplates the use of other components and/or techniques in addition to, or in place of, the components of system
10 described above.

[0022] Referring additionally to FIG. 3, an exemplary method of operation of the system 10 is shown and generally
represented by reference numeral 300. It would be apparent to one of ordinary skill in the art that other embodiments
not depicted in FIG. 3 are possible without departing from the scope of the claims described below, including examination
of other portions of the body.

[0023] Method 300 can begin with step 302 in which imaging data is captured by system 10, such as through the
transmission and reception of ultrasonic energy or pulses by the probe 120 in combination with an applied stress in a
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region of interest. As described above, the applied stress can be provided by a number of sources, including applying
pressure at the skin level of the body using the transducer probe 120 or as created by the body itself, such as cardiac
pulsations or respiratory variations. In step 304, the strain resulting from the applied stress can be determined from the
data that was captured.

[0024] In step 306, the system 10 can monitor for user input of an adjustment to the strain compensation function by
a clinician or other user, such as through rotation or other adjustment of the strain compensation function control 205.
If an adjustment to the strain compensation function is detected then a strain compensation function can be generated
or otherwise adjusted as in step 308. In one embodiment, the strain compensation function can initially be set at unity
so that the strain image is initially presented as an uncompensated strain image.

[0025] The adjustment to the strain compensation function can be to a magnitude of the strain compensation function
as a function of depth. The present disclosure also contemplates the adjustment to the strain compensation function
being a function of lateral and/or elevation positions. In one embodiment, a clinician or other user can adjust the strain
compensation function based on expected results, such as by adjustment until tissues or other physiology with expected
uniform properties appear substantially uniform on the presented image. In another embodiment, the adjustment to the
strain compensation function can be based on the clinician’s or other user’s subjective view of the real-time image or
image stream and known physiology in a localized area of the image so that a qualitative image can be presented with
respect to other areas of the image that do not have uniform properties.

[0026] The present disclosure contemplates the adjustment to the strain compensation function being performed at
various times. For example, the adjustment can be in real-time as described above or the data captured can be presented
in a loop and the clinician can make the adjustment during the loop presentation, such as during or shortly after the
patient’s examination.

[0027] The strain compensation function can be applied to the determined strain data or any subsequent determination
of the strain, as in step 310. In step 312, a compensated strain image can be presented, such as on display device 170.
In step 314, after the strain compensation function has been adjusted as desired based on known or expected localized
results and the compensated strain image presented, an elastogram or other print-out can be presented, such as of
other data generated based on the compensated strain image.

[0028] Referring to FIGS. 1-2 and 4, an exemplary method of operation of the system 10 is shown and generally
represented by reference numeral 400. It would be apparent to one of ordinary skill in the art that other embodiments
not depicted in FIG. 4 are possible without departing from the scope of the claims described below, including examination
of other portions of the body. For example, possible variants to method 400 are shown in broken lines.

[0029] Method 400 can begin with step 402 in which imaging data is captured by system 10, such as through the
transmission and reception of ultrasonic energy or pulses by the probe 120 in combination with an applied stress in a
region of interest. In step 404, the strain resulting from the applied stress can be determined from the data that was
captured or otherwise retrieved.

[0030] Instep 406, a strain compensation function model can be obtained and applied to the captured data. The strain
compensation function model can be generated or otherwise obtained using a number of techniques. For example, the
strain compensation function model can be modeled mathematically, set empirically during optimization with the same
or other patients using physiology with known properties, and/or measured on a uniform tissue-mimicking phantom or
other physical model for the particular physiology to be imaged. The strain compensation function model may then be
stored and applied to subsequent imaging examinations for the same or different patients. In one embodiment, the
choice of which model to apply can be based on a number of factors, such as the type of physiology being examined,
the age of the patient, and so forth.

[0031] Astrain compensation function can be generated or otherwise adjusted based on the a priori strain compensation
function model, as in step 408. In one embodiment, the strain compensation function can initially be set at unity so that
the strain image is initially presented as an uncompensated strain image. In another embodiment, the system 10 in step
409 can monitor for an adjustment to the strain compensation function by a clinician or other user, such as through
rotation or other adjustment of the strain compensation function control 205. If an adjustment to the strain compensation
function is detected then the strain compensation function determined from the a priori model can be adjusted accordingly.
[0032] The strain compensation function can be applied to the determined strain data or any subsequent determination
of the strain, as in step 410. In step 412, a compensated strain image can be presented, such as on display device 170.
In step 414, after the compensated strain image has been presented, an elastogram or other print-out can be presented,
such as of other data generated based on the compensated strain image.

[0033] Referring to FIGS. 1-2 and 5, an exemplary method of operation of the system 10 is shown and generally
represented by reference numeral 500. It would be apparent to an artisan with ordinary skill in the art that other embod-
iments not depicted in FIG. 5 are possible without departing from the scope of the claims described below, including
examination of other portions of the body. For examples, possible variants to method 500 are shown in broken lines.
[0034] Method 500 can begin with step 502 in which imaging data is captured by system 10, such as through the
transmission and reception of ultrasonic energy or pulses by the probe 120 in combination with an applied stress in a
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region of interest. In step 504, the strain resulting from the applied stress can be determined from the data that was
captured or otherwise retrieved.

[0035] In steps 505 and 506, the captured data can be used to generate a strain compensation function. For example,
the strain compensation function can be generated based on a median strain calculated as a function of depth. Setting
the strain compensation function based on the median strain as a function of depth yields a normalized strain function.
[0036] The generated curve representative of the strain compensation function can be smoothed in step 507 so that
there are no abrupt direction changes. In one embodiment, either or both of user input in step 508 or an a priori model
as in step 509 can also be used in generating or otherwise adjusting the strain compensation function.

[0037] The strain compensation function can be applied to the determined strain data or any subsequent determination
of the strain, as in step 510. In step 512, a compensated strain image can be presented, such as on display device 170,
including in real-time or in a stream loop. In step 514, after the compensated strain image has been presented, an
elastogram or other print-out can be presented, such as of other data generated based on the compensated strain image.
[0038] The method 500 contemplates other techniques and algorithms being utilized to generate a strain compensation
function from the captured data, including lateral-gain compensation techniques. In one embodiment, two or more of
the techniques described above with respect to methods 300, 400 and 500 can be applied to generate a compensated
strain image.

[0039] Referring to FIG. 6, an uncompensated strain image is shown which has a hard inclusion, with an elastic
modulus of approximately three times the surrounding tissue, in a substantially uniform background tissue. In this example,
the applied stress was generated by pushing a linear array transducer in the depth direction in a tissue mimicking
phantom or model, but the results are applicable to application on actual tissue. As can be seen in the rectangular
selection of FIG. 6, even in the uniform tissue surrounding the inclusion, the strain varies with depth due to depth-
dependent variation in the applied stress. In FIG. 7, the mathematical inverse of the uncompensated strain image of
FIG. 6 is shown and again indicates large variations of strain, even in regions of the similar tissue properties.

[0040] Referring to FIG. 8, animage representative of a strain compensation function that can be generated by system
10 based upon median strain as a function of depth is shown. In FIG. 9, a compensated strain image generated by
system 10 based upon the strain compensation function of FIG. 8 is shown. The tissue which has uniform properties
and is surrounding the hard inclusion appears more uniform, drawing attention to the inclusion. In this example, the
inclusion appears 2 to 3 times stiffer than the surrounding tissue in the image, where the actual stiffness is three times
the surrounding tissue.

[0041] FIG. 10 shows the mathematical inverse of the compensated strain image of FIG. 9. The tissue surrounding
the hard inclusion appears at a more uniform level, providing better contrast with the inclusion.

[0042] Referring to FIG. 11, an image representative of another exemplary strain compensation function that can be
generated by system 10 which varies both axially and laterally, so as to be 2-Dimensional, is shown. In FIG. 12, a
compensated strain image generated by system 10 based upon the strain compensation function of FIG. 11 is shown.
[0043] System 10 can provide for qualitative imaging of strain based on a number of techniques including a user
control to compensate strain as a function of depth, lateral and/or elevation positions; compensation of strain as a function
of depth based upon predetermined compensation functions stored on the system; and/or adaptive compensation of
strain images to account for non-uniform applied stress over a 2D or 3D field of view using the data captured during the
examination. The methodology and system described herein is applicable to compensated strain images in either or
both of 2D and 3D imaging.

[0044] Elastograms can include not only strain images but also other measurements related to tissue elasticity (e.g.,
ratio of lesion/normal tissues strain, Poisson’s Ratio). Compensated strain images generated in accordance with the
systems and methods of the present disclosure may not be directly displayed to users and can be further processed to
produce elastograms.

[0045] The present disclosure contemplates the strain compensation function being based upon one or more of the
following sources: user input (via controls); a priori data/model; current and past values of strain data. In addition, the
methods of the exemplary embodiments can include presenting the strain data for display (image and/or graphical)
and/or storage /export. In one embodiment, further processing of the data can be performed, including smoothing,
remapping, (e.g., 1/compensated strain, Fn(compensated strain), and so forth), temporal persistence and any combi-
nation thereof. The imaging performed herein can include other techniques for either of both of 2-dimensional and 3-
dimensional image data.

[0046] Theinvention, including the steps of the methodologies described above, can be realized in hardware, software,
or a combination of hardware and software. The invention can be realized in a centralized fashion in one computer
system, orin a distributed fashion where different elements are spread across several interconnected computer systems.
Any kind of computer system or other apparatus adapted for carrying out the methods described herein is suited. A
typical combination of hardware and software can be a general purpose computer system with a computer program that,
when being loaded and executed, controls the computer system such that it carries out the methods described herein.
[0047] The invention, including the steps of the methodologies described above, can be embedded in a computer
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program product. The computer program product can comprise a computer-readable storage medium in which is em-
bedded a computer program comprising computer-executable code for directing a computing device or computer-based
system to perform the various procedures, processes and methods described herein. Computer program in the present
context means any expression, in any language, code or notation, of a set of instructions intended to cause a system
having an information processing capability to perform a particular function either directly or after either or both of the
following: a) conversion to another language, code or notation; b) reproduction in a different material form.

[0048] The illustrations of embodiments described herein are intended to provide a general understanding of the
structure of various embodiments, and they are not intended to serve as a complete description of all the elements and
features of apparatus and systems that might make use of the structures described herein. Many other embodiments
will be apparent to those of skill in the art upon reviewing the above description. Other embodiments may be utilized
and derived therefrom, such that structural and logical substitutions and changes may be made without departing from
the scope of this disclosure. Figures are also merely representational and may not be drawn to scale. Certain proportions
thereof may be exaggerated, while others may be minimized. Accordingly, the specification and drawings are to be
regarded in an illustrative rather than a restrictive sense.

[0049] Thus, although specific embodiments have been illustrated and described herein, it should be appreciated that
any arrangement calculated to achieve the same purpose may be substituted for the specific embodiments shown. This
disclosure is intended to cover any and all adaptations or variations of various embodiments. Combinations of the above
embodiments, and other embodiments not specifically described herein, will be apparent to those of skill in the art upon
reviewing the above description. Therefore, it is intended that the disclosure not be limited to the particular embodiment(s)
disclosed as the best mode contemplated for carrying out this invention, but that the invention will include all embodiments
falling within the scope of the appended claims.

Claims
1. A method of elasticity imaging, the method (300, 400, 500) comprising:

transmitting (302, 402, 502) ultrasonic energy and receiving echoes therefrom; processing (304, 404, 504)
imaging data from the echoes associated with an applied stress of a physiology of a patient;

obtaining a strain compensation function associated with the applied stress;

applying (310, 410, 510) the strain compensation function to the imaging data to generate a compensated strain
image; and

presenting (312, 412, 512) the compensated strain image,

characterized in the step of:

adjusting (308, 408, 506) the strain compensation function based on user inputs (306, 409, 508), wherein the
user inputs (306, 409, 508) are based on expected results associated with a portion of the physiology.

2. The method of claim 1, further comprising determining the strain compensation function based on a strain compen-
sation model (406) generated prior to performing the elasticity imaging.

3. The method of claim 2, wherein the strain compensation model (406) is generated based on at least one of a
mathematical model, data measured from a physical model, and data from an elasticity imaging of another physiology.

4. The method of claim 3, wherein the another physiology is of a different patient, and wherein the another physiology
has substantially uniform properties.

5. The method of claim 1, further comprising determining (505) the strain compensation function based on at least a
portion of the processed imaging data.

6. The method of claim 1, wherein the strain compensation function is determined based on a median strain calculated
from the imaging data.

7. The method of claim 1, further comprising generating the applied stress by pressing a transducer (120) against the
patient in a region of the physiology, wherein the transducer (120) transmits the ultrasonic energy and receives the
echoes.
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The method of claim 1, further comprising :

determining the strain compensation function based on a strain compensation model (406) generated prior to
performing the elasticity imaging, and/ or determining (505) the strain compensation function based on at least
a portion of the processed imaging data.

The method of claim 1, further comprising generating the compensated strain image in real-time.

A computer-readable storage medium in which computer-executable code is stored, the computer-executable code
configured to cause a computing device in which the computer-readable storage medium is loaded to execute the
steps of method as claimed in any of claims 1 to 9.

An ultrasound imaging system (10) comprising:

a probe (120) for transmitting ultrasonic energy into a physiology (150) of a patient (50) and receiving echoes;
a display device (170); and
a processor (100) operably coupled to the probe (120) and the display device (170),

wherein the processor is configured to process ultrasound imaging data associated with an applied stress of the
physiology of the patient,

wherein the processor (100) is configured to generate a strain compensation function associated with the applied
stress based on at least one of user inputs (306, 409, 508) based on expected results associated with a portion of
the physiology, a strain compensation model generated prior to processing the ultrasound imaging data, and at
least a portion of the processed imaging data,

wherein the processor (100) is configured to apply the strain compensation function to the imaging data to generate
a compensated strain image, and

wherein the processor (100) is configured to present on the display device (170) at least one of the compensated
strainimage and an inverse of the compensated strain image characterized in that the system (10) further comprises
a compensation function control (205) adapted to be actuated by a user such that the magnitude of the strain
compensation function is adjusted based on results expected by the user and associated with the portion of the

physiology.

The system (10) of claim 11, further comprising a memory device, wherein one or more strain compensation models
are stored in the memory device.

The system (10) of claim 11, wherein the processor (100) is configured to generate the compensated strain image
in real-time.

Patentanspriiche

1.

2,

3.

Verfahren der Elastographie, wobei das Verfahren (300, 400, 500) Folgendes umfasst:

Aussenden (302, 402, 502) von Ultraschallenergie und Empfangen von Echos hiervon;

Verarbeiten (304, 404, 504) der zu einer auf die Physiologie eines Patienten ausgeiibten Belastung gehérigen
Bildgebungsdaten aus den Echos;

Erlangen einer zu der ausgelbten Belastung gehérigen Dehnungskompensationsfunktion;

Anwenden (310, 410, 510) der Dehnungskompensationsfunktion auf die Bildgebungsdaten, um ein kompen-
siertes Dehnungsbild zu erzeugen; und

Darstellen (312, 412, 512) des kompensierten Dehnungsbildes, gekennzeichnet durch den Schritt des
Anpassens (308, 408, 506) der Dehnungskompensationsfunktion basierend auf Benutzereingaben (306, 409,
508), wobei die Benutzereingaben (306, 409, 508) auf erwarteten, zu einem Teil der Physiologie gehdrigen
Ergebnissen beruhen.

Verfahren nach Anspruch 1, das weiterhin das Ermitteln der Dehnungskompensationsfunktion basierend auf einem
Dehnungskompensationsmodells (406) umfasst, das vor der Durchfiihrung der Elastographie erzeugt wurde.

Verfahren nach Anspruch 2, wobei das Dehnungskompensationsmodell (406) basierend auf mindestens entweder
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einem mathematischen Modell, Dasten, die von einem physikalischen Modell gemessen wurden, oder Daten aus
einer Elastographie einer anderen Physiologie erzeugt wird.

Verfahren nach Anspruch 3, wobei die andere Physiologie von einem anderen Patienten stammt und wobei die
andere Physiologie im Wesentlichen einheitliche Eigenschaften hat.

Verfahren nach Anspruch 1, das weiterhin das Ermitteln (505) der Dehnungskompensationsfunktion basierend auf
zumindest einem Teil der verarbeiteten Bildgebungsdaten umfasst.

Verfahren nach Anspruch 1, wobei die Dehnungskompensationsfunktion basierend auf einer medianen Dehnung,
welche anhand der Bildgebungsdaten berechnet wurde, ermittelt wird.

Verfahren nach Anspruch 1, das weiterhin das Erzeugen der ausgetibten Belastung durch Driicken eines Wandlers
(120) gegen den Patienten in einer Region der Physiologie umfasst, wobei der Wandler (120) die Ultraschallenergie
aussendet und die Echos empfangt.

Verfahren nach Anspruch 1, das weiterhin Folgendes umfasst:

Ermitteln der Dehnungskompensationsfunktion basierend auf einem Dehnungskompensationsmodell (406),
das vor der Durchfiihrung der Elastographie erzeugt wurde, und/oder Ermitteln (505) der Dehnungskompen-
sationsfunktion basierend auf zumindest einem Teil der verarbeiteten Bildgebungsdaten.

Verfahren nach Anspruch 1, das weiterhin das Erzeugen des kompensierten Dehnungsbildes in Echtzeit umfasst.

Computerlesbares Speichermedium, in dem von einem Computer ausfiihrbarer Code gespeichert ist, wobei der
von einem Computer ausfiihrbare Code konfiguriert ist, um einen Computer, in den das von einem Computer
ausfihrbare Speichermedium geladen wird, zu veranlassen, die Schritte des Verfahrens nach einem der Anspriiche
1 bis 9 durchzufiihren.

Ultraschallbildgebungssystem (10), das Folgendes umfasst:

eine Sonde (120) zum Aussenden von Ultraschallenergie in eine Physiologie (150) eines Patienten (50) und
zum Empfangen von Echos;

eine Anzeigevorrichtung (170); und

einen Prozessor (100), der betriebsfahig mit der Sonde (120) und der Anzeigevorrichtung (170) gekoppelt ist,
wobei der Prozessor konfiguriert ist, um die zu einer ausgelibten Belastung der Physiologie des Patienten
gehdrigen Ultraschallbildgebungsdaten zu verarbeiten,

wobei der Prozessor (100) konfiguriert ist, um eine zu der ausgelibten Belastung gehérige Dehnungskompen-
sationsfunktion basierend auf zumindest entweder Benutzereingaben (306, 409, 508), die auf zu einem Teil
der Physiologie gehorigen erwarteten Ergebnissen basieren, auf einem vor der Verarbeitung der Ultraschall-
bilddaten erzeugten Dehnungskompensationsmodell oder auf zumindest einem Teil der verarbeiteten Bilddaten
Zu erzeugen,

wobei der Prozessor (100) konfiguriert ist, um die Dehnungskompensationsfunktion auf die Bildgebungsdaten
anzuwenden, um ein kompensiertes Dehnungsbild zu erzeugen, und

wobei der Prozessor (100) konfiguriert ist, um auf der Anzeigevorrichtung (170) zumindest entweder das kom-
pensierte Dehnungsbild oder ein Inverses des kompensierten Dehnungsbildes darzustellen,

dadurch gekennzeichnet, dass das System (10) weiterhin eine Kompensationsfunktionssteuereinheit (205) um-
fasst, die dafiir ausgelegt ist, durch einen Benutzer betétigt zu werden, so dass die Magnitude der Dehnungskom-
pensationsfunktion basierend auf Ergebnissen, die von dem Benutzer erwartet werden und zu dem Teil der Physi-
ologie gehoéren, angepasst wird.

System (10) nach Anspruch 11, das weiterhin eine Speichervorrichtung umfasst, wobei ein oder mehrere Deh-
nungskompensationsmodelle in der Speichervorrichtung gespeichert sind.

System (10) nach Anspruch 11, wobei der Prozessor (100) konfiguriert ist, um das kompensierte Dehnungsbild in
Echtzeit zu erzeugen.
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Revendications

1.

10.

11.

Procédé d'imagerie d’élasticité, le procédé (300, 400, 500) comprenant :

la transmission (302, 402, 502) d’énergie d’ultrasons et la réception d’échos de celle-ci ;

le traitement (304, 404, 504) de données d’imagerie provenant des échos associés a un effort appliqué sur la
physiologie du patient ;

I'obtention d’une fonction de compensation des contraintes associée a I'effort appliqué ;

I'application (310, 410, 510) de la fonction de compensation des contraintes aux données d’imagerie pour
générer une image ou les contraintes sont compensées ; et

la présentation (312, 412, 512) de I'image ou les contraintes sont compensées,

caractérisé en ce qu’il comprend les étapes suivantes :

I'ajustement (308, 408, 506) de la fonction de compensation des contraintes sur la base d’entrées d'utili-
sateur (306, 409, 508), les entrées d'utilisateur (306, 409, 508) étant basées sur des résultats attendus
associés a une partie de la physiologie.

Procédé selon la revendication 1, comprenant en outre la détermination de la fonction de compensation des con-
traintes sur la base d’'un modéle de compensation des contraintes (406) généré avant la réalisation de I'imagerie
d’élasticite.

Procédé selon la revendication 2, dans lequel le modéle de compensation des contraintes (406) est généré sur la
base au moins soit d’'un modéle mathématique, soit de données mesurées a partir d'un modele physique, soit de
données issues de I'imagerie d’élasticité d’une autre physiologie.

Procédeé selon la revendication 3, dans lequel I'autre physiologie est celle d’un patient différent, et dans lequel I'autre
physiologie présente des propriétés sensiblement uniformes.

Procédé selon la revendication 1, comprenant en outre la détermination (505) de la fonction de compensation des
contraintes sur la base d’au moins une partie des données d’imagerie traitées.

Procédé selon la revendication 1, dans lequel la fonction de compensation des contraintes est déterminée sur la
base d’'une contrainte médiane calculée a partir des données d’'imagerie.

Procédé selon la revendication 1, comprenant en outre la création de I'effort appliqué par appui d’'un transducteur
(120) contre le patient dans une région de la physiologie, dans lequel le transducteur (120) transmet I'énergie
d’ultrasons et recoit les échos.

Procédeé selon la revendication 1, comprenant en outre

la détermination de la fonction de compensation des contraintes sur la base d’'un modéle de compensation des
contraintes (406) généré avant la réalisation de I'imagerie d’élasticité, et/ou la détermination (505) de la fonction de
compensation des contraintes sur la base d’au moins une partie des données d’'imagerie traitées.

Procédé selon la revendication 1, comprenant en outre la génération de I'image ou les contraintes sont compensées
en temps réel.

Support de stockage lisible par un ordinateur, dans lequel est stocké du code exécutable par un ordinateur, ledit
code exécutable par un ordinateur étant congu pour faire exécuter par un dispositif informatique, dans lequel le
support de stockage lisible par un ordinateur a été chargé pour exécuter les étapes du procédé selon 'une quelconque
des revendications 1 a 9.

Systeme d’imagerie par ultrasons (10) comprenant :

une sonde (120) destinée a transmettre de I'énergie d’ultrasons dans la physiologie (150) d’un patient (50) et
a recevoir des échos ;

un dispositif d’affichage (170) ; et

un processeur (100) relié fonctionnellement a la sonde (120) et au dispositif d’affichage (170),

dans lequel le processeur est congu pour traiter des données d’imagerie par ultrasons associées a un effort

10
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appliqué sur la physiologie du patient,

dans lequel le processeur (100) est congu pour générer une fonction de compensation des contraintes associée
a 'effort appliqué sur la base d’au moins soit des entrées d’utilisateur (306, 409, 508) basées sur des résultats
attendus associés a une partie de la physiologie, soit d'un modéle de compensation des contraintes généré
avant le traitement des données d’imagerie par ultrasons, soit d’au moins une partie des données d’imagerie
traitées,

dans lequel le processeur (100) est congu pour appliquer la fonction de compensation des contraintes aux
données d’'imagerie pour générer une image ou les contraintes sont compensées, et

dans lequel le processeur (100) est congu pour présenter sur le dispositif d’affichage (170) au moins soit 'image
ou les contraintes sont compensées, soit I'inverse de I'image ou les contraintes sont compensées

caractérisé en ce que le systeme (10) comprend en outre une commande de fonction de compensation (205) apte
a étre actionnée par un utilisateur afin que I'amplitude de la fonction de compensation soit ajustée sur la base des

résultats attendus par I'utilisateur et associés a la partie de la physiologie.

Systeme (10) selon la revendication 11, comprenant en outre un périphérique mémoire, un ou plusieurs modéles
de compensation des contraintes étant stockés dans ledit périphérique mémoire.

Systeme (10) selon la revendication 11, dans lequel le processeur (100) est congu pour générer I'image ou les
contraintes sont compensées en temps réel.
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