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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an ultrasound diagnosis apparatus for providing a map of an interest index,
and more particularly, to an ultrasound diagnosis apparatus for providing at least one of a mechanical index (MIl) map,
an acoustic pressure map, and a thermal index (Tl) map according to various standards such as a depth value, a scan
line, time, and the like, and an ultrasound diagnosis method.

2. Description of the Related Art

[0002] Ultrasound diagnosis apparatuses transmit an ultrasound signal toward a predetermined part of the body from
abody surface of an object and obtain a tomogram of soft-tissues or an image of blood flow by using information regarding
the ultrasound signal reflected by tissues of the body.

[0003] Ultrasound diagnosis apparatuses have various advantages, for example, a compact size, low cost, and real-
time display. Also, ultrasound diagnosis apparatuses have excellent stability because there is no fear of radiation expo-
sure, and thus, the ultrasound diagnosis apparatuses are widely used together with various other diagnosis apparatuses,
such as computerized tomography scanners, magnetic resonance imaging (MRI) apparatuses, nuclear medicine diag-
nosis apparatuses, or the like.

[0004] In general, the output (a transmission voltage, pressure, and energy) of an ultrasound diagnosis apparatus is
limited by an international standard, for example, a mechanical index (Ml), and is determined. In this regard, the Ml is
an index that represents quantified mechanical effects of ultrasound on a human body.

[0005] Theinternational standard also includes a thermal index (T1). As well known, international acceptable standards
of the Ml and the Tl are less than 1.9 and less than 6.0, respectively.

[0006] Ultrasound diagnosis apparatuses increase a transmission voltage of an ultrasound signal that is output from
a pulser to more accurately diagnose an object. As the transmission voltage of the ultrasound signal is increased, image
sensitivity improves, while an MI or acoustic pressure may be increased.

[0007] A high MI (or acoustic pressure) means that an ultrasound diagnosis apparatus has a greater effect on a human
body. Also, if the MI (or acoustic pressure) is increased over a predetermined level, the use of the corresponding
ultrasound diagnosis apparatus is restricted by an international standard.

[0008] In consideration of such a problem, a transmission voltage of an ultrasound diagnosis apparatus needs to be
accurately controlled to sufficiently increase the transmission voltage and to maintain an MI, acoustic pressure, and a
TI, which are interest indexes, having values less than a threshold value.

[0009] However, recently, only an interest index of a reference value that is simply represented numerically is provided
without careful consideration to a value of a depth of interest, which is a distance in a direction in which ultrasound travels
from a pulse output part of an ultrasound diagnosis apparatus to a part to be diagnosed. In other words, there is provision
of visualized data about an interest index that is necessary for a user of an ultrasound diagnosis apparatus to control a
transmission voltage in order to increase image sensitivity.

[0010] The US 6 413 218 B1 describes preferred embodiments providing a medical diagnostic ultrasound imaging
system and method for determining an acoustic output parameter of a transmitted ultrasonic beam. In one preferred
embodiment, the ultrasound system determines an acoustic output parameter of a transmitted ultrasonic beam in a user-
selected region. In another preferred embodiment, the ultrasound system achieves a specified acoustic output parameter
of a transmitted ultrasonic beam in a selected region by automatically adjusting an operating parameter of the ultrasound
imaging system. In yet another preferred embodiment, a region is selected in the ultrasound image that does not contain
a peak acoustic output parameter of a transmitted ultrasonic beam. The system then determines an acoustic output
parameter of the transmitted ultrasonic beam in that region and provides an indication of the determined acoustic output
parameter.

[0011] The US 5 509 413 A discloses that for an ultrasonic wave to be transmitted, an ultrasonic probe driving unit
can apply a stepwise varying drive voltage to the ultrasonic probe. The drive voltage of the driving unit is so selectively
set by a setting unit as to allow the output level of the ultrasonic wave to be in a range below, but nearest to, an upper
limit. It is, therefore, possible to obtain maximal image quality in a range in which safety is secured.

SUMMARY OF THE INVENTION

[0012] The presentinvention provides a method used to increase image quality and satisfy an international mechanical
index (MI) standard by providing an Ml according to a depth of interest in the form of a map and allowing a user to easily
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confirm the Ml visually in order to control configurable values such as transmission output, and an ultrasound diagnosis
apparatus using the method.

[0013] The presentinvention also provides a method used to increase image quality and allow a user to conveniently
control configurable values of the ultrasound diagnosis apparatus by visually providing an acoustic pressure map or a
thermal index (TI) map in addition to the Ml map, and an ultrasound diagnosis apparatus using the method.

[0014] According to an aspect of the present invention, there is provided an ultrasound diagnosis apparatus including:
a calculating unit for calculating a mechanical index (Ml) corresponding to a depth value in a direction in which ultrasound
travels from an ultrasound output part of a transmission transducer, a thermal index (TI) corresponding to the depth
value and a scan line, and a thermal dose by accumulating the Tl according the depth value, the scan line, and time; a
visualization unit for generating an M|l map in which a relationship between the calculated MI and the depth value is
visualized in the form of a graph, a three dimensional TI map by sterically representing the calculated Tl corresponding
to the depth value and the scan line in a form of mesh, and a thermal dose map based on the accumulated the Tl by at
least one form of colors, a contour, and a mesh; a display unit for displaying at least one selected from a group consisting
of the Ml map Tl map, and the thermal dose map; a receiving unit for receiving for receiving an user input for selection
aparticular attenuation coefficient; and a controller for controlling a transmission voltage based on the selected attenuation
coefficient by the user input, wherein the calculating unit further calculates the Ml in consideration of the selected
attenuation coefficient, wherein the receiving unit further receives a selection of a first region to a first transmission
voltage so as to maintain the Ml or an acoustic pressure value in the first region within a predetermined threshold range,
and controls a transmission voltage of second region so that a transmission voltage of the second region other than the
ROI in the ultrasound diagnosis region of the object is below the first transmission voltage.

[0015] The calculating unit may select a plurality of the depth values, calculates Mls respectively corresponding to the
plurality of depth values, and interpolates non-calculated Mls corresponding to depth values in a direction in which
ultrasound travels by using Mls corresponding to the calculated depth values.

[0016] The calculating unitmay further calculate an acoustic pressure value corresponding to depth values in adirection
in which ultrasound travels from the ultrasound output part of the transmission transducer; the visualization unit further
generates an acoustic pressure map in which a relationship between the calculated acoustic pressure value and the
depth value is visualized in the form of a graph; and the display unit selectively displays the Ml map or the acoustic
pressure map.

[0017] The ultrasound diagnosis apparatus may further include an alarm unit for outputting an alarm signal when the
calculated MI or the calculated acoustic pressure value exceeds a predetermined range.

[0018] The MI map or the TI map may be a two-dimensional or three-dimensional map.

[0019] The attenuation coefficient may be selected based on characteristics of tissues of an object.

[0020] Thereceiving unitmay obtain information regarding a contrast agentinjected into an object, and the visualization
unit generates an acoustic pressure map including a threshold value due to a vibration characteristic of the contrast
agent injected into the object. The threshold value may include at least one selected from the group consisting of a linear
vibration threshold value, a non-linear vibration threshold value, and a breaking vibration threshold value.

[0021] The controller may controll a transmission voltage based on a threshold value due to a vibration characteristic
of the contrast agent injected into the object.

[0022] The display unit may output an ultrasound image of blood vessel tissues including a contrast agent with respect
to the first region, and outputs an ultrasound image of general tissues with respect to the second region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The above and other features and advantages of the present invention will become more apparent by describing
in detail exemplary embodiments thereof with reference to the attached drawings in which:

FIG. 1is ablock diagramiillustrating a configuration of an ultrasound diagnosis apparatus according to an embodiment
of the present invention;

FIG. 2 is a conceptual diagram illustrating a reference axis for calculating an interest index and displaying a map of
the interest index according to an embodiment of the present invention;

FIG. 3is aflowchartillustrating a method of operating an ultrasound diagnosis apparatus, according to an embodiment
of the present invention;

FIG. 4 is a graph showing a mechanical index (MI) map displayed according to an embodiment of the present
invention;

FIG. 5is a view illustrating a two-dimensional Ml map displayed according to an embodiment of the present invention;
FIG. 6 is a graph for showing an acoustic pressure map according to an embodiment of the present invention; and
FIG. 7 is a view illustrating an M|l map in a region of interest according to an embodiment of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0024] Reference will now be made in detail to embodiments, examples of which are illustrated in the accompanying
drawings. Also, while describing the embodiments, detailed descriptions about related well-known functions or config-
urations that may diminish the clarity of the points of the embodiments of the present invention are omitted. Terms or
words used herein shall not be limited to their common or dictionary meanings, and have meanings corresponding to
technical aspects of the embodiments of the present invention so as to most suitably express the embodiments of the
present invention.

[0025] It will be further understood that the terms "comprises’ and/or 'comprising,” when used in this specification,
specify the presence of stated features, integers, operations, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers, operations, elements, components, and/or groups thereof.
The present invention may be described in terms of functional block components and various processing steps. Such
functional blocks may be realized by any number of hardware and/or software components configured to perform the
specified functions.

[0026] A "user" used throughout the specification may include doctors, nurses, medical laboratory technologists, and
the like, but the present invention is not limited thereto.

[0027] Hereinafter, exemplary embodiments of the present invention will be described in detail with reference to the
attached drawings. Like reference numerals designate like elements throughout the specification. In the description, the
detailed descriptions of well-known functions and structures may be omitted so as not to hinder the understanding of
the presentinvention. As used herein, the term "and/or" includes any and all combinations of one or more of the associated
listed items. Expressions such as "at least one of," when preceding a list of elements, modify the entire list of elements
and do not modify the individual elements of the list.

[0028] FIG. 1 is a block diagram illustrating a configuration of an ultrasound diagnosis apparatus 100 according to an
embodiment of the present invention.

[0029] Asillustratedin FIG. 1, the ultrasound diagnosis apparatus 100 includes a receiving unit 110, a calculating unit
120, a visualization unit 130, a display unit 140, may include a controller 160, and an alarm unit 150. However, the
componentsillustrated in FIG. 1 are not indispensable components. The ultrasound diagnosis apparatus 100 may include
a greater number of components or a less number of components.

[0030] The receiving unit 110 may receive a selection of an attenuation coefficient. According to the current embodi-
ment, the selection to the attenuation coefficient may be performed by a user or by the ultrasound diagnosis apparatus 100.
[0031] The attenuation coefficient may be a coefficient representing a degree to which an amplitude is decreased
when ultrasound spreads in a medium. For example, an attenuation coefficient of water is substantially close to 0, and
attenuation coefficients of blood, soft tissues of a human body, and fat are 0.2, 0.5, and 0.6, respectively.

[0032] According to the current embodiment, a user or the ultrasound diagnosis apparatus 100 may select an atten-
uation coefficient based on characteristics of tissues of an object. For example, when main tissues of an object through
which ultrasound passes is a soft tissue, a user may select 0.5 as an attenuation coefficient.

[0033] The receiving unit 110 may obtain information regarding a contrast agent injected into an object. The contrast
agent is a substance which is used in an imaging process to make it easier to see tissues and blood vessels of the body.
Examples of the contrast agent of the current embodiment may include an ultrasound contrast agent, micro-bubbles,
and the like. The contrast agent of the current embodiment may have a size equal to or smaller than a red blood cell.
[0034] The contrast agent may have different vibration characteristics according to manufacturers or products. For
example, a contrast agent of a manufacturer A shows a linear vibration characteristic at an acoustic pressure of about
50 kPa and a non-linear vibration characteristic at an acoustic pressure of about 100 kPa, and is broken at an acoustic
pressure of more than 150 kPa. On the other hand, a contrast agent of a manufacturer B may be broken at an acoustic
pressure of more than 130 kPa.

[0035] Thereceiving unit 110 may receive a selection of a first region which is a region of interest (ROI) in an ultrasound
diagnosis region of an object. That is, a user may set a certain region of the ultrasound diagnosis region of the displayed
object as an ROI.

[0036] The ROI of the current embodiment may be a part in which blood vessels are well-developed. For example,
the ROI may be a part including a tumor.

[0037] According to the current embodiment, a second region other than the ROI of the ultrasound diagnosis region
of the object may be an ultrasound diagnosis region with regard to general tissues where blood vessels are not well-
developed. The general tissues refer to normal tissues not including a tumor. Examples of the general tissues may
include parenchyma and a normal blood vessel.

[0038] The calculating unit 120 may calculate an MI with respect to a depth value in an axis direction in which the
ultrasound diagnosis apparatus 100 transmits ultrasound. For example, the calculating unit 120 may calculate the Ml
based on the following Formula 1,
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wherein, Cy; = 1 MPa-MHz-1/2, and Pr,a(Z,,,) denotes attenuated peak-rarefactional acoustic pressure at a depth value
ZMI. The f,,,; denotes an acoustic-working frequency of the ultrasound diagnosis apparatus 100.

[0039] The depth value ZMl is obtained according to IEC 62369, which is an international standard of image diagnosis
equipment.

[0040] According to a standard for real-time display of thermal and mechanical acoustic output indices on diagnostic
ultrasound equipment revision 2, an Ml in each operation mode is calculated by the following Formula 2 and Formula 3.

1) Ml for Pulsed DTPs

Mo (LDTP Viar=) = Voltage Intem{il_at Pii3 Depth (Vo MDTR)}
. Interp HC adj facor MI{NEWA FelHzMDTP) H alC yeles (LOTP)}
Interp_HC_ad fadar MI{NEWA_FAHz(MOTF ) Halt ydes (WO TP}
« [E7sicousie T saon F g lare)) ‘
= [RacicoustioNomE ador Fieg iz =)

2) Ml for CW DTPs:

M1z (LDTP,Viore | = Voltage_Intem{MI_at_Pii3_Depth (Viore MDTP)}
o ﬁy{sA cou stichl ormEactor (Freq|Low )}
% fiderAcoustichormFactor(Freg(Lome))

..(3)

[0041] The calculating unit 120 may calculate Mls with respect to a depth value along a beam direction axis according
to the above-defined Formulas.

[0042] According to the current embodiment, the calculating unit 120 may continuously calculate an MI with respect
to all depth values, or alternatively, the calculating unit 120 may select some depth values and calculate Mls with respect
to only the selected depth values, and the non-calculated MIs may be interpolated using the calculated Mls.

[0043] According to the current embodiment, the calculating unit 120 may calculate acoustic pressure or a thermal
index (TI). Methods of calculating acoustic pressure and a Tl would have been obvious to one of ordinary skill in the art
and thus a detailed description thereof is not provided.

[0044] According to the current embodiment, a Tl may include a Soft tissue Tl (TIs), a Bone Tl (TIb), and a Cranial
bone TI (Tlc). Accordingly, the calculating unit 120 may individually calculate the Tls, the Tlb, and the Tlc, or alternatively,
may calculate only the Tl by selecting a representative Tl among the Tls, the Tlb, and the Tlc.

[0045] The calculating unit 120 may calculate a thermal dose. The thermal dose refers to a value obtained by accu-
mulating temperature effects of locations according to time. Accordingly, the calculating unit 120 may accumulate the
thermal dose while tracking a varying location by using a motion tracking method.

[0046] The calculating unit 120 may calculate the Ml in consideration of the attenuation coefficient selected by a user
or the ultrasound diagnosis apparatus 100.

[0047] The visualization unit 130 may generate an Ml map in which a relationship between the calculated Ml and a
depth value is visualized in the form of a graph, which will be described in detail with reference to FIG. 3.

[0048] By performing such a visualization process, a maximum MI| value of LDTPs may be visualized based on the
following Formula 4.
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[0049] Alternatively, Mls, which are not calculated during the process for calculating the Mls of the calculating unit
120 and during the process for visualizing the MIs, may be calculated by the following Formula 5, which is different from
a linear interpolation,

Wi@depth <x > (LOTE Vizre) = Voltage_Interp | at depth=ss (Vi MDTP)}
| . Imern HC_ag] sactor 1l NEWA_FeMHz(M DTF), HalfCy cles (LDTP))
Interp HE adi factor WM NMEM A FeMHZIMOTEL HafCycles (MOTER
% JSyeAcoustichior mEactor| Fregiiome))
w0 fiderd cousticNermPactor [Fregliome )

..(5)
wherein, Mls with respect to depth values other than some depth values in which Mls are calculated may be calculated

by using a formula /\fﬁ with respect to the Mls of the calculated depth values. In Formula 5, MI@<x> denotes a

P:y
value obtained by calculating an Ml of a depth value x by using the formula .
[0050] The visualization unit 130 may selectively perform visualization of acoustic pressure and/or visualization of a
Tl corresponding to a depth value. In this regard, the visualization unit 130 may visualize an MI map, an acoustic pressure
map, and a Tl map in the form of a two-dimensional or a three-dimensional graph.
[0051] Also, the visualization unit 130 may generate a thermal dose map in which the calculated thermal dose is
visualized in the form of a graph. For example, the visualization unit 130 may generate a thermal dose map by colors
or in the form of a contour or a mesh by accumulating a Tl value according to a depth value, a scan line, and time for a
predetermined period of time.
[0052] The visualization unit 130 may generate an acoustic pressure map including a threshold value according to a
vibration characteristic of a contrast agent injected into an object. The threshold value may include at least one of a
linear vibration threshold value, a non-linear vibration threshold value, and a breaking vibration threshold value.
[0053] Also, the threshold value may be represented by a line, a region, or color in the acoustic pressure map. For
example, the visualization unit 130 may represent a linear vibration section, a non-linear vibration section, and a breaking
vibration section in green, yellow, and red colors, respectively.
[0054] The display unit 140 may display a result of a map visualized in the form of a graph by the visualization unit
130. In this regard, the display unit 140 may selectively display one or two of three interest index maps, that is, Ml,
acoustic pressure, Tl maps, or may display all the interest index maps.
[0055] The display unit 140 may be configured as a monitor of a general ultrasound diagnosis apparatus or a user
interface, as required.
[0056] When adisplay mode is a single mode, the display unit 140 may display aninterestindex, thatis, an Ml, acoustic
pressure, or a Tl, together with an ultrasound image on a certain region.
[0057] Alternatively, when a display mode is a dual mode, an ultrasound image and an interestindex may be individually
displayed on a screen.
[0058] Also, the display unit 140 may provide an enlarged image with respect to a certain part of the ultrasound image
or a certain part of the interest index.
[0059] According to the current embodiment, the display unit 140 may selectively display at least one of a Tls map, a
TIb map, and a Tlc map. Also, the display unit 140 may selectively display the TI map and the thermal dose map.
[0060] According to the current embodiment, the display unit 140 may display three-dimensional maps with respect
to an MI, acoustic pressure, and a Tl, or may display at least one of a contour map, a gray map, a mesh map, and a
color map.
[0061] The display unit 140 may output an ultrasound image of blood vessel tissues including the contrast agent with
respect to the first region, which is an ROI, and may output an ultrasound image of general tissues with respect to the
second region.
[0062] The alarm unit 150 may output an alarm signal when the calculated MI or acoustic pressure value exceeds a
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predetermined value. For example, when the Ml is close to 1.9, which is an international standard, the alarm unit 150
may output the alarm signal. In this case, a user may protect an object by controlling a transmission output.

[0063] Alternatively, the alarm unit 150 may output an alarm signal even when the calculated Ml or acoustic pressure
value is less than a predetermined scope.

[0064] For example, when the Ml is less than 1.3, the alarm unit 150 may output the alarm signal. In this case, a user
may increase a transmission output to obtain a high-definition ultrasound image.

[0065] The alarm signal may include at least one of an image signal, a vibration signal, and a voice signal. That is,
according to the current embodiment of the present invention, the alarm unit 150 may visually inform that an interest
index deviates from a predetermined scope through an image signal including a certain shape, a certain color, an alert
message, or the like. Alternatively, the interest index may generate a vibration signal when an interest index deviates
from a predetermined scope. Alternatively, the alarm unit 150 may output a voice signal including an alert message, an
alert bell, or the like.

[0066] According to the current embodiment, the alarm unit 150 may apply a color map to an interest index map so
as to visually show the meaning of an alert clearly according to a degree to which an interest index is close to a
predetermined reference value. For example, as the interest index approaches a reference value, the alarm unit 150
may apply a red color to a map, and as interest index deviates the reference value, the alarm unit 150 may apply a blue
color to a map.

[0067] The controller 160 may set an acceptable range of an interest index. For example, the controller 160 may set
the acceptable range of the interest index based on a user’s input or may set an acceptable range automatically according
to an international standard. The controller 160 may set the acceptable range of the interest index to be lower than an
international standard with respect to a certain object based on a diagnosis breakdown and medical information.
[0068] According to the current embodiment, the controller 160 may control a transmission voltage by controlling an
ultrasound output part (not shown). For example, the controller 160 may control the transmission voltage based on an
attenuation coefficient selected by a user or the ultrasound diagnosis apparatus 100.

[0069] Also, the controller 160 may control the transmission voltage based on a threshold value according to a vibration
characteristic of a contrast agent injected into the object. Since most of the ultrasound contrast agent is broken after a
breaking vibration threshold value, the controller 160 may control the transmission voltage so as not to break the contrast
agent and to maintain a non-linear vibration characteristic.

[0070] The controller 160 controls a transmission voltage of the first region to a first transmission voltage so as to
maintain an Ml or an acoustic pressure value in the first region, which is an ROI, within a predetermined threshold range.
For example, when the first region is a part including a tumor having blood vessels into which a contrast agent is injected
well-developed and when a contrast agent is used, the controller 160 may control a transmission voltage of the first
region to the first transmission voltage at which a contrast agent is not broken and a non-linear vibration characteristic
is maintained so as to maintain a low Ml environment.

[0071] The controller 160 controls a transmission voltage of the second region other than the ROI to be below the first
transmission voltage. Since the second region is a region out of a user’s interest, image sensitivity of the second region
does not need to be high. Accordingly, in order to prevent a contrast agent from being broken, the transmission voltage
of the second region may be set to be lower than that of the first region.

[0072] Also, the controller 160 may control overall operations of the receiving unit 110, the calculating unit 120, the
visualization unit 130, the display unit 140, and the alarm unit 150.

[0073] FIG. 2 is a conceptual diagram illustrating a reference axis for calculating an interest index and displaying a
map of the interest index according to an embodiment of the present invention.

[0074] A direction in which ultrasound is transmitted from a transmission transducer 210 of the ultrasound diagnosis
apparatus 100 and travels may be an axis of a depth value 230. The transmission transducer 210 may be included in
a probe.

[0075] The axis of the depth value 230 may start from a boundary surface of an object to be diagnosed using the
ultrasound diagnosis apparatus 100 and may correspond to a direction in which the depth value 230 increases inward
a soft tissue.

[0076] The probe may transmit an ultrasound beam, which is generated due to transmitted pulse signals that are
properly input to be delayed, to an object along a scan line 220. In this case, the ultrasound diagnosis apparatus 100
may form a two- or three-dimensional map based on interest index values corresponding to the depth value 230 and
the scan line 200.

[0077] According to the current embodiment, the probe may be at least one of 1 dimension (1D), 1.5D, and 2D (matrix)
probes.

[0078] FIG. 3 is a flowchart illustrating a method of operating the ultrasound diagnosis apparatus 100, according to
an embodiment of the present invention.

[0079] According to the current embodiment, the ultrasound diagnosis apparatus 100 may calculate interest indexes,
that is, an MI, a Tl, and an acoustic pressure, corresponding to depth values in a direction in which ultrasound travels
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from an ultrasound output part of the transmission transducer 210 (S310). The ultrasound diagnosis apparatus 100 may
calculate only the MI, and may selectively calculate the acoustic pressure and the TI. The MI may be calculated by
Formulas 1 to 5 as described above. Also, methods of calculating the acoustic pressure and the Tl would have been
obvious to one of ordinary skill in the art and thus a detailed description thereof is not provided.

[0080] According to the current embodiment, the ultrasound diagnosis apparatus 100 may select a plurality of depth
values and directly calculate the Ml by applying the above-defined Formulas 1 to 4 only to the selected depth values,
for example, 1, 2.3, 3.1, 4.2, 5.5, and the like. In this case, the ultrasound diagnosis apparatus 100 may apply a proper
interpolation method, for example, a linear interpolation method or an interpolation method according to Formula 5, to
the MI corresponding to non-calculated depth values in a direction in which non-calculated ultrasound travels. According
to the current embodiment, an interpolation method may also be applied to calculate a Tl and acoustic pressure.
[0081] According to the current embodiment, a user or the ultrasound diagnosis apparatus 100 may select an atten-
uation coefficient based on characteristics of tissues of an object. In general, the tissues of an object includes blood,
soft tissue, and fat that are mixed with one another, and thus, a user or the ultrasound diagnosis apparatus 100 may
select an attenuation coefficient by analyzing main components of tissues of the object.

[0082] The ultrasound diagnosis apparatus 100 may calculate an MI in consideration of the selected attenuation
coefficient. A relationship between the Ml and the attenuation coefficient may be obtained with reference to Formula 1.
For example, Pr.3 denotes a value obtained by calculating acoustic pressure Pr measured in a water tank filled with
water at an attenuation rate of 0.3 dB.

[0083] Accordingly, when the ultrasound diagnosis apparatus 100 selects a high attenuation coefficient, the ultrasound
diagnosis apparatus 100 may further increase a transmission voltage, thereby increasing the sensitivity of an ultrasound
image.

[0084] According to the current embodiment, the ultrasound diagnosis apparatus 100 may calculate a thermal dose.
A thermal dose display does not simply display a varying temperature value and displays Tl values by colors or in the
form of a contour or a mesh by accumulating the Tl value according to a depth value, a scan line, and time for a
predetermined period of time, and thus, changes in temperature of an object due to ultrasound may be effectively seen.
[0085] The ultrasound diagnosis apparatus 100 may generate an interest index map in which a relationship between
a depth value and the calculated interest index (that is, the MI, the acoustic pressure, the Tl, and the thermal dose) that
is visualized in the form of a graph (S320). For example, as illustrated in FIG. 4, the Ml may vary according to the depth
value.

[0086] According to the current embodiment, since the ultrasound diagnosis apparatus 100 uses a focus beam, the
MI may have a maximum value at a depth value being focused. Also, even in an acoustic pressure map, a similar result
to the Ml map illustrated in FIG. 4 may be obtained. Although a Tl map may have a similar shape to the MI map or the
acoustic pressure map, a Tl may have a maximum value at a depth value lower than the depth value being focused.
[0087] According to the current embodiment, the ultrasound diagnosis apparatus 100 may generate an interest index
map as a 1D, 2D, or 3D map. For example, when the ultrasound diagnosis apparatus 100 uses a 1D probe, the ultrasound
diagnosis apparatus 100 may generate the interest index map as a 2D map by calculating interest indexes corresponding
to the depth value 230 and the scan line 220. In this case, the ultrasound diagnosis apparatus 100 may generate a 3D
map by representing the interest indexes corresponding to the depth value 230 and the scan line 220 sterically in the
form of a mesh. Alternatively, the ultrasound diagnosis apparatus 100 may represent the interest index map that varies
according to time (frame) without being fixed during ultrasound scanning. That is, the ultrasound diagnosis apparatus
100 may generate a 3D map by calculating interest indexes according to the depth value 230, the scan line 220, and time.
[0088] Whenthe ultrasound diagnosis apparatus 100 uses a 1.5D probe or a 2D (matrix) probe, the ultrasound diagnosis
apparatus 100 may represent interest indexes of three directions of axial (a depth value), lateral (a scan line), and
elevation in the form of a 3D map.

[0089] The ultrasound diagnosis apparatus 100 may represent an interest index map as various maps, for example,
a contour map, a gray map, a mesh map, a color map, or the like. For example, as illustrated in FIG. 5A, the ultrasound
diagnosis apparatus 100 may generate a 2D map as a gray scale with respect to the depth value 230 and the scan line
220.Also, asillustrated in FIG. 5B, the ultrasound diagnosis apparatus 100 may generate a 2D map in the form of a contour.
[0090] According to the current embodiment, the ultrasound diagnosis apparatus 100 may display the interest index
maps, that is, the MI, acoustic pressure, and Tl maps, by using the display unit 140 (S330).

[0091] When the interest index map is a Tl map, the display unit 140 may display Tls, Tlb, and Tlc maps as one Tl
map. In this case, the display unit 140 may designate different colors to the Tls, Tlb, and Tlc maps or represent lines
with different thicknesses for easy distinction.

[0092] Alternatively, the display unit 140 may display a certain Tl map that is arbitrarily selected by a user among the
Tls, Tlb, and Tlc maps.

[0093] Also, the ultrasound diagnosis apparatus 100 may not easily determine whether an object being diagnosed is
a soft tissue, a bone, or a cranial bone, and thus, the maximum map among the Tls, Tlb, and Tlc maps may be selected
as a representative Tl map and displayed.
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[0094] According to the current embodiment, the ultrasound diagnosis apparatus 100 may represent an interest index
map in various ways, for example, in the form of a 1D, 2D, or 3D map. Accordingly, a user may easily see a degree to
which interest indexes are distributed, and may visually check whether each interest index exceeds an acceptable
reference value based on map information and may also check regions where the interest indexes exceed the acceptable
reference value.

[0095] Also, the ultrasound diagnosis apparatus 100 may combine two or more maps among a contour map, a gray
map, a mesh map, and a color map that are generated with respect to aninterestindex and may display the combined map.
[0096] According to the current embodiment, the ultrasound diagnosis apparatus 100 may display a threshold value
according to a vibration characteristic of a contrast agent together with an acoustic pressure map.

[0097] For example, as illustrated in FIG. 6, the ultrasound diagnosis apparatus 100 may display the threshold value
of the contrast agent on the acoustic pressure map according to a depth value. The contrast agent linearly vibrates
between 0 and a linear vibration threshold value and non-linearly vibrates between the linear vibration threshold value
and a non-linear vibration threshold value. Also, the contrast agent non-linearly vibrates after the non-linear vibration
threshold value, and at the same time, a rate at which the contrast agent is broken starts to be increased after the non-
linear vibration threshold value, and thus, most of the contrast agent is broken after a breaking vibration threshold value.
[0098] Accordingly, a user may control a transmission voltage so as not to break the contrast agent and to maintain
a non-linear vibration characteristic by checking the threshold value according to the vibration characteristic of the
contrast agent provided by the ultrasound diagnosis apparatus 100.

[0099] According to the current embodiment, the threshold value may be represented by colors or lines.

[0100] FIG. 7 is a view illustrating an Ml map in an ROI according to an embodiment of the present invention.
[0101] As illustrated in FIG. 7, a user may set a first region 710, which is an ROI, in an ultrasound diagnosis image.
For example, when an object includes a tumor, the user may set a part including the tumor as the first region 710, which
is the ROI, in order to determine whether the tumor is a benign or malignant tumor.

[0102] According to the current embodiment, under an environment using a contrast agent, the ultrasound diagnosis
apparatus 100 may differently control Mls or acoustic pressures of the first region 710 and a second region 720 other
than the ROl in the ultrasound diagnosis image.

[0103] The ultrasound diagnosis apparatus 100 may obtain an ultrasound image from the first region 710 by stimulating
and vibrating the used contrast agent, and may obtain an ultrasound image from the second region 720 by using an Ml
or acoustic pressure having a degree at which the contrast agent is rarely broken. That is, the ultrasound diagnosis
apparatus 100 may set a transmission voltage of the second region 720 to be lower than that of the first region 710.
[0104] In this case, an ultrasound image may be obtained from the second region 720 other than the first region 710,
which is an ROI, by using an MI or acoustic pressure having a degree at which the contrast agent is rarely broken, and
thus, a rate at which the contrast agent is broken may be significantly decreased.

[0105] FIG. 7A illustrates an MI of an ROI according to a depth value. Since the ultrasound diagnosis apparatus 100
uses a focus beam, when the focus beam is focused on the ROI, an Ml in the first region 710, which is the ROI, may be
a maximum.

[0106] FIG. 7B illustrates an Ml of an ROI according to a scan line. As illustrated in FIG. 7B, an Ml of a scan line in
the first region 710 may be higher that in the second region 720. In other words, according to the current embodiment,
ultrasound image sensitivity in the ROl may be strategically increased.

[0107] The ultrasound diagnosis apparatus 100 may output an ultrasound image of blood vessel tissues including a
contrast agent with respect to the first region 710 and may output an ultrasound image of general tissues with respect
to the second region 720.

[0108] Embodiments of the present invention include a computer-readable recording medium including program com-
mands for executing operations implemented through various computers. The computer-readable recording medium
can store program commands, data files, data structures, or combinations thereof. The program commands recorded
in the computer-readable recording medium may be specially designed and configured for the present invention or be
known to those skilled in the field of computer software. Examples of a computer-readable recording medium include
magnetic media such as hard disks, floppy disks, and magnetic tapes, optical media such as CD-ROMs and DVDs,
magneto-optical media such as floptical disks, or hardware devices such as ROMs, RAMs, and flash memories, which
are specially configured to store and execute program commands. Examples of the program commands include a
machine language code created by a compiler and a high-level language code executable by a computer using an
interpreter and the like. The above-described hardware apparatus may be configured to operate as at least one software
module in order to perform operations of the present invention.

[0109] According to the current embodiment, an interest index, for example, an MI, acoustic pressure, a Tl, and the
like, according to depths of a ultrasound diagnosis part may be provided to a user or a health professional in the form
of a map, and thus, the user or the health professional may visually check whether the interest index exceeds an
international acceptable reference value and may check regions where the interest index exceeds the acceptable ref-
erence value.
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[0110] Also, a user may control a transmission output so as to maintain an international acceptable reference value
of an interest index and to maximize image quality.

[0111] According to the current embodiment, in an ultrasound diagnosis apparatus using a contrast agent or micro-
bubbles, information capable of performing a precision adjustment regarding using of the contrast agent or the micro-
bubbles may be provided to a user. Accordingly, the user may adjust acoustic pressure so as to maximize the quality
of an ultrasound image without breaking the micro-bubbles.

[0112] While the present invention has been particularly shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill in the art that various changes in form and details may be
made therein without departing from the scope of the present invention as defined by the following claims.

Claims
1. An ultrasound diagnosis apparatus (100) comprising:

a calculating unit (120) for calculating a mechanical index (M) corresponding to a depth value (230) in a direction
in which ultrasound travels from an ultrasound output part of a transmission transducer, a thermal index (TI)
corresponding to the depth value and a scan line, and a thermal dose by accumulating the Tl according the
depth value, the scan line, and time;

a visualization unit (130) for generating an Ml map in which a relationship between the calculated Ml and the
depth value (230) is visualized in the form of a graph, a three dimensional TI map by representing the calculated
Tl corresponding to the depth value and the scan line sterically in a form of mesh, and a thermal dose map
based on the accumulated Tl by at least one form of colors, a contour, and a mesh;

a display unit (140) for displaying at least one selected from a group consisting of the Ml map, the Tl map, and
the thermal dose map;

a receiving unit (110) for receiving a user input for a selection of a particular attenuation coefficient; and

a controller (160) for controlling a transmission voltage based on the selected attenuation coefficient by the user
input,

wherein the calculating unit (120) is further configured to calculate the Ml in consideration of the selected
attenuation coefficient,

wherein the receiving unit (110) is further configured to receive a selection of a first region (710) which is a
region of interest (ROI) in an ultrasound diagnosis region of the object, and

wherein the controller (160) is further configured to control a transmission voltage of the first region to a first
transmission voltage so as to maintain the Ml or an acoustic pressure value in the first region (710) within a
predetermined threshold range, and to control a transmission voltage of second region (720) so that a trans-
mission voltage of the second region (720) other than the ROI in the ultrasound diagnosis region of the object
is below the first transmission voltage.

2. The ultrasound diagnosis apparatus (100) of claim 1, wherein the calculating unit (120) is further configured to
calculate an acoustic pressure value corresponding to depth values (230) in a direction in which ultrasound travels
from the ultrasound output part of the transmission transducer; the visualization unit (130) is further configured to
generate an acoustic pressure map in which a relationship between the calculated acoustic pressure value and the
depth value (230) is visualized in the form of a graph; and the display unit (140) is configured to selectively display
the MI map or the acoustic pressure map.

3. The ultrasound diagnosis apparatus (100) of claim 2, further comprising an alarm unit (150) for outputting an alarm
signal when the calculated Ml or the calculated acoustic pressure value exceeds a predetermined range.

4. The ultrasound diagnosis apparatus (100) of claim 1, wherein the Ml map is a two-dimensional or three-dimensional
map.

5. The ultrasound diagnosis apparatus (100) of claim 1, wherein the attenuation coefficient is selected based on
characteristics of tissues of an object.

6. The ultrasound diagnosis apparatus (100) of claim 2, wherein the receiving unit (110) is further configured for
obtaining information regarding a contrast agent injected into an object, and the visualization unit (130) is further
configured to generate an acoustic pressure map including a threshold value due to a vibration characteristic of the
contrast agent injected into the object.
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The ultrasound diagnosis apparatus (100) of claim 6, wherein the threshold value comprises at least one selected
from the group consisting of a linear vibration threshold value, a non-linear vibration threshold value, and a breaking
vibration threshold value.

The ultrasound diagnosis apparatus (100) of claim 6, wherein the controller (160) is further configured for controlling
a transmission voltage based on a threshold value due to a vibration characteristic of the contrast agent injected
into the object.

The ultrasound diagnosis apparatus (100) of claim 1, wherein the display unit (140) is further configured to output
an ultrasound image of blood vessel tissues comprising a contrast agent with respect to the first region (710), and
an ultrasound image of general tissues with respect to the second region (720).

Patentanspriiche

Ultraschalldiagnosevorrichtung (100), welche Folgendes aufweist:

eine Berechnungseinheit (120) zum Berechnen eines mechanischen Index (Ml), der einem Tiefenwert (230) in
einer Richtung entspricht, in der Ultraschall sich von einem Ultraschallausgabeteil eines Ubertragungswandlers
bewegt, eines thermischen Index (T1), der dem Tiefenwert und einer Scanlinie entspricht, und einer thermischen
Dosis durch Summieren des thermischen Index (T1) gemaR dem Tiefenwert, der Scanlinie und der Zeit;

eine Visualisierungseinheit (130) zum Erzeugen eines MI-Kennfelds, in dem eine Beziehung zwischen dem
berechneten Ml und dem Tiefenwert (230) in der Form eines Diagramms visualisiert ist, eines dreidimensionalen
TI-Kennfelds durch Reprasentieren des berechneten Tl, der namlich dem Tiefenwert und der Scanlinie in einer
Form eines Netzes entspricht, und eines Kennfelds der thermischen Dosis basierend auf dem akkumulierten
Tl durch wenigstens einer Form von Farben, einer Kontur und eines Netzes;

eine Anzeigeeinheit (140) zum Anzeigen wenigstens eines, das aus einer Gruppe ausgewahlt ist, die aus dem
MI-Kennfeld, dem TI-Kennfeld und dem Kennfeld der thermischen Dosis besteht;

eine Empfangseinheit (110) zum Empfangen einer Benutzereingabe fiir eine Auswahl eines speziellen Damp-
fungskoeffizienten; und

ein Steuergerat (160) zum Steuern einer Ubertragungsspannung basierend auf dem ausgewéhlten Dampfungs-
koeffizienten durch die Benutzereingabe;

wobei die Berechnungseinheit (120) des Weiteren daflir vorgesehen ist, den Ml unter Berlcksichtigung des
ausgewahlten Dampfungskoeffizienten zu berechnen,

wobei die Empfangseinheit (110) des Weiteren dafiir vorgesehen ist, eine Auswahl eines ersten Bereichs (710)
zu empfangen, bei der es sich um einen interessierenden Bereich (ROI) in einem Ultraschalldiagnosebereich
des Objekts handelt, und

wobei das Steuergerat (160) des Weiteren dafiir vorgesehen ist, eine Ubertragungsspannung des ersten Be-
reichs zu einer ersten Ubertragungsspannung zu steuern, um den Ml oder einen akustischen Druckwert in dem
ersten Bereich (710) in einem vorbestimmten Grenzbereich zu halten, und eine Ubertragungsspannung eines
zweiten Bereichs (720) zu steuern, so dass eine Ubertragungsspannung des zweiten Bereichs (720), der von
dem ROl in dem Ultraschalldiagnosebereich des Objekts unterschiedlich ist, unterhalb der ersten Ubertragungs-
spannung liegt.

Ultraschalldiagnosevorrichtung (100) nach Anspruch 1, wobei die Berechnungseinheit (120) des Weiteren dafir
vorgesehen ist, einen akustischen Druckwert zu berechnen, der Tiefenwerten (230) in einer Richtung entspricht, in
der sich der Ultraschall von dem Ultraschallausgabeteil des Ubertragungswandlers bewegt; wobei die Visualisie-
rungseinheit (130) des Weiteren daflir vorgesehen ist, ein akustisches Druckkennfeld zu erzeugen, in dem eine
Beziehung zwischen dem gerechneten akustischen Druckwert und dem Tiefenwert (230) in der Form eines Dia-
gramms visualisiert ist; und die Anzeigeeinheit (140) daflr vorgesehen ist, das MI-Kennfeld oder das akustische
Druckkennfeld selektiv anzuzeigen.

Ultraschalldiagnosevorrichtung (100) nach Anspruch 2, welche des Weiteren eine Alarmeinheit (150) zum Ausgeben
eines Alarmsignals aufweist, wenn der berechnete Ml oder der berechnete akustische Druckwert einen vorbestimm-

ten Bereich Uiberschreitet.

Ultraschalldiagnosevorrichtung (100) nach Anspruch 1, wobei das MI-Kennfeld ein zweidimensionales oder dreidi-
mensionales Kennfeld ist.

1"



10

15

20

30

35

40

45

50

55

EP 2 468 191 B1

5. Ultraschalldiagnosevorrichtung (100) nach Anspruch 1, wobei der Dampfungskoeffizient basierend auf Eigenschaf-
ten von Geweben eines Objekts ausgewahlt ist.

6. Ultraschalldiagnosevorrichtung (100) nach Anspruch 2, wobei die Empfangseinheit (110) des Weiteren dafir vor-
gesehen ist, Informationen beziiglich eines in ein Objekt injizierten Kontrastmittels zu erlangen, und die Visualisie-
rungseinheit (130) des Weiteren dafiir vorgesehen ist, ein akustisches Druckkennfeld einschlieRlich eines Grenz-
werts aufgrund einer Vibrationseigenschaft des in das Objekt injizierten Kontrastmittels zu erzeugen.

7. Ultraschalldiagnosevorrichtung (100) nach Anspruch 6, wobei der Grenzwert wenigstens einen aufweist, der aus
der Gruppe ausgewahlt ist, die aus einem linearen Vibrationsgrenzwert, einem nicht linearen Vibrationsgrenzwert
und einem Brech- bzw. Abschalt-Vibrationsgrenzwert besteht.

8. Ultraschalldiagnosevorrichtung (100) nach Anspruch 6, wobei das Steuergerat (160) des Weiteren dafiir vorgesehen
ist, eine Ubertragungsspannung basierend auf einem Grenzwert aufgrund einer Vibrationseigenschaft des in das
Objekt injizierten Kontrastmittels zu steuern.

9. Ultraschalldiagnosevorrichtung (100) nach Anspruch 1, wobei die Anzeigeeinheit (140) des Weiteren dafiir vorge-
sehenist, ein Ultraschallbild von BlutgefaRgewebe, das ein Kontrastmittel unter Bezugnahme auf den ersten Bereich
(710) aufweist, und ein Ultraschallbild von allgemeinen Geweben unter Bezugnahme auf den zweiten Bereich (720)
auszugeben.

Revendications
1. Appareil de diagnostic par ultrasons (100) comprenant :

une unité de calcul (120) pour calculer un indice mécanique (MI) correspondant a une valeur de profondeur
(230) dans une direction dans laquelle les ultrasons se propagent depuis une partie de sortie ultrasonique d’'un
transducteur de transmission, un indice thermique (TI) correspondant a la valeur de profondeur et une ligne de
balayage, et une dose thermique en accumulant le Tl en fonction de la valeur de profondeur, de la ligne de
balayage et du temps;

une unité de visualisation (130) pour générer une carte Ml dans laquelle une relation entre le Ml calculé et la
valeur de profondeur (230) est visualisée sous la forme d’un graphique, une carte Tl tridimensionnelle en
représentant le Tl calculé correspondant a la valeur de la profondeur et la ligne de balayage stériquement sous
forme de maillage, et une carte de dose thermique basée sur le Tl accumulé par au moins une forme de couleurs,
un contour et un maillage ;

une unité d’affichage (140) pour afficher au moins un élément sélectionné parmi un groupe comprenant la carte
MI, la carte TI, et la carte de dose thermique ;

une unité de réception (110) pour recevoir une entrée utilisateur pour une sélection d’un coefficient d’atténuation
particulier ; et

une commande (160) pour contréler une tension de transmission sur la base du coefficient d’atténuation sé-
lectionné par I'entrée utilisateur,

dans lequel l'unité de calcul (120) est en outre configurée pour calculer le MI en considération du coefficient
d’atténuation sélectionné,

dans lequel I'unité de réception (110) est en outre configurée pour recevoir une sélection d’'une premiére région
(710) qui est une région d’intérét (ROI) dans une région de diagnostic ultrasonore de I'objet, et

dans lequellacommande (160) est en outre configurée pour contréler une tension de transmission de la premiére
région a une premiere tension de transmission afin de maintenir la valeur de Ml ou de pression acoustique dans
la premiéere région (710) dans une plage de seuil prédéterminée, et pour contrdler une tension de transmission
d’'une seconde région (720) de sorte qu’'une tension de transmission de la seconde région (720) autre que la
ROI dans la région de diagnostic ultrasonore de I'objet soit inférieure a la premiere tension de transmission.

2. Appareil de diagnostic par ultrasons (100) selon la revendication 1, dans lequel I'unité de calcul (120) est en outre
configurée pour calculer
une valeur de pression acoustique correspondant a des valeurs de profondeur (230) dans une direction dans laquelle
les ultrasons se propagent depuis la partie de sortie ultrasonique du transducteur de transmission ; 'unité de visua-
lisation (130) est en outre configurée pour générer une carte de pression acoustique dans laquelle une relation
entre la valeur de pression acoustique calculée et la valeur de profondeur (230) est visualisée sous la forme d’'un
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graphique ; et I'unité d’affichage (140) est configurée pour afficher sélectivement la carte Ml ou la carte de pression
acoustique.

Appareil de diagnostic par ultrasons (100) selon la revendication 2, comprenant en outre une unité d’alarme (150)
pour émettre un signal d’alarme lorsque le MI calculé ou la valeur de pression acoustique calculé dépasse une
plage prédéterminée.

Appareil de diagnostic par ultrasons (100) selon la revendication 1, dans lequel la carte MI est une carte bidimen-
sionnelle ou tridimensionnelle.

Appareil de diagnostic par ultrasons (100) selon la revendication 1, dans lequel le coefficient d’atténuation est
sélectionné en fonction des caractéristiques des tissus d’un objet.

Appareil de diagnostic par ultrasons (100) selon la revendication 2, dans lequel I'unité de réception (110) est en
outre configurée pour obtenir des informations concernant un agent de contraste injecté dans un objet, et l'unité de
visualisation (130) est en outre configurée pour générer une carte de pression acoustique comprenant une valeur
de seuil due a une caractéristique de vibration de I'agent de contraste injecté dans I'objet.

Appareil de diagnostic par ultrasons (100) selon la revendication 6, dans lequel la valeur de seuil comprend au
moins un élément choisi dans le groupe consistant en une valeur de seuil de vibration linéaire, une valeur de seuil
de vibration non-linéaire, et une valeur de seuil de vibration de rupture.

Appareil de diagnostic par ultrasons (100) selon la revendication 6, dans lequel la commande (160) est en outre
configurée pour contréler une tension de transmission sur la base d’'une valeur de seuil due a une caractéristique
de vibration de 'agent de contraste injecté dans I'objet.

Appareil de diagnostic par ultrasons (100) selon la revendication 1, dans lequel I'unité d’affichage (140) est en outre
configurée pour émettre une image ultrasonique de tissus de vaisseaux sanguins comprenant un agent de contraste
par rapport a la premiére région (710), et une image ultrasonique de tissus généraux par rapport a la seconde région
(720).
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