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(54) ULTRASONIC DIAGNOSTIC DEVICE, AND REGION-TO-BE-DETECTED IMAGE DISPLAY 
METHOD AND MEASUREMENT METHOD USING SAME

(57) An ultrasonic diagnostic apparatus that enables
even an unskilled person to get accurate detection done
is provided.

The ultrasonic diagnostic apparatus includes a con-
troller, to which a probe and a monitor are connected,
the probe having an array of transducers, in which a
number of transducers are arranged in a first direction.
The controller controls transmission of an ultrasonic
beam using the array of transducers of the probe and
reception of an echo signal, which is a wave of the ultra-
sonic beam reflected from a region of interest, generates
image data based on the echo signal, gets echo signals
received from multiple points of the region of interest by
either moving or swinging the array of transducers in a
second direction that intersects with the first direction at
right angles, and if the sum of image data ranges of meas-
ured value retrievable portions of the region of interest,
included in tomographic images at the multiple points
synthesized based on the echo signals, is equal to or
greater than a predetermined value, calculates a detect-
ed value of the region of interest.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diagnostic apparatus and a method of carrying out a measurement
using the apparatus.

BACKGROUND ART

[0002] In recent years, an ultrasonic diagnostic apparatus has captured a spotlight as an apparatus for detecting the
status of a carotid artery, for example. An ultrasonic diagnostic apparatus generally has the following structure.
[0003] Specifically, an ultrasonic diagnostic apparatus includes a probe, a controller that is connected to the probe,
and a monitor that is connected to the controller. The ultrasonic diagnostic apparatus generates an image representing
a region of interest (ROI) such as the carotid artery based on an ultrasonic beam that has been received from the probe,
and displays that image on the monitor (see Non-Patent Document No. 1, for example).
[0004] Non-Patent Document No. 1 mentions the measurement of an intima-media thickness (which will be abbreviated
herein as "IMT") as a method for detecting the status of a carotid artery. The "IMT" means the thickness of an intima-
media complex in the vascular wall of a carotid artery. In general, when the IMT is measured, an IMT measuring range
is set along the carotid artery and the maximum thickness (max IMT) or mean thickness (mean IMT) is measured within
that range. For example, Non-Patent Document No. 1 recommends that such an IMT measuring range have a length
of 1 cm.

CITATION LIST

NON-PATENT LITERATURE

[0005] Non-Patent Document No. 1: Journal of the American Society of Echocardiography, February 2008 (pp. 93 to
111)

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0006] As disclosed in Non-Patent Document No. 1, if the status of a carotid artery, which is the region of interest
(ROI), is going to be checked (e.g., if its IMT is going to be measured), however, nobody but a well experienced skilled
person could make an accurate measurement, which is a problem with the prior art.
[0007] The reason is that to check the status of a carotid artery using a conventional apparatus, the probe should be
put exactly at a position where the center axis of the carotid artery can be cut vertically or perpendicularly and an ultrasonic
beam should be sent from there. However, neither the position nor shape of the carotid artery can be seen from over
the surface of the subject’s neck. In addition, the position and shape of the carotid artery will vary quite a little from one
person to another. That is why nobody but a well-trained skilled person could put a probe at such a position where the
center axis of the carotid artery can be cut vertically and could get the measurement done accurately.
[0008] It is therefore an object of the present invention to provide an ultrasonic diagnostic apparatus that enables not
just such a skilled person but also anybody else to get the measurement done accurately and also provide a method of
carrying out a measurement on a region of interest using such an apparatus.

SOLUTION TO PROBLEM

[0009] An ultrasonic diagnostic apparatus according to the present invention includes a controller, to which a probe
and a monitor are connected, the probe having an array of transducers, in which a number of transducers are arranged
in a first direction. The controller controls transmission of an ultrasonic beam using the array of transducers of the probe
and reception of an echo signal, which is a wave of the ultrasonic beam that has been reflected from a region of interest,
generates image data based on the echo signal, gets echo signals received from multiple points of the region of interest
by either moving or swinging the array of transducers in a second direction that intersects with the first direction at right
angles, and if the sum of image data ranges of measured value retrievable portions of the region of interest, which are
included in tomographic images at the multiple points that have been synthesized based on the echo signals, is equal
to or greater than a predetermined value, calculates a detected value of the region of interest.
[0010] The ultrasonic diagnostic apparatus may further include the probe to be connected to the controller. The con-
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troller may have a detection mode in which a status of the region of interest is detected, and in which the probe receives
echo signals that are associated with multiple cross sections of the region of interest and if the sum of the image data
ranges of the measured value retrievable portions of the region of interest, which are included in the multiple cross
sections, is equal to or greater than a predetermined value, the controller may calculate the detected value of the region
of interest.
[0011] The ultrasonic diagnostic apparatus may further include the monitor which displays an image based on the
image data that has been generated by the controller.
[0012] The controller may have a positioning mode to be carried out before the detection mode. In the positioning
mode, the controller may generate not only image data representing the region of interest based on the echo signal but
also image data representing the tilted positioning which indicates how much the probe is tilted with respect to the region
of interest. Based on the image data detected, the monitor may display the image representing the region of interest
and the image representing the tilted positioning.
[0013] The image representing the improperly tilted positioning may include a centerline representing the center axis
of the region of interest to be detected by the probe and a probe symbol indicating how much the probe is tilted with
respect to the centerline.
[0014] A probe origin marker may have been set on the probe, and the probe symbol may include a probe origin that
corresponds to the probe origin marker and that indicates a position on the image representing the tilted positioning.
[0015] On the image representing the tilted positioning, detectable lines, indicating that the region of interest is de-
tectable, may be rendered on both sides of the centerline of the region of interest.
[0016] The probe may have three arrays of transducers, which are arranged in three parallel lines in the first direction.
[0017] The probe may include a swinging section that swings the array of transducers under the control of the controller.
[0018] The probe may include ultrasonic transducers, which are arranged in three or more lines at least in the first
direction so as to form a matrix pattern as a whole.
[0019] In an alternative ultrasonic diagnostic apparatus, the swinging section may swing the array of transducers on
the axis of swing in accordance with an instruction given by the controller so that the array defines a predetermined
swing angle with respect to the center of swing of the array of transducers. And the controller may control swinging so
that the swing angle of the probe becomes greater in the positioning mode than in the detection mode.
[0020] The probe origin marker of the probe may be set at an end of the array of transducers.
[0021] The controller may have a positioning mode to be carried out before the detection mode. In the positioning
mode, the controller may generate not only image data for positioning based on an echo signal that has been obtained
by sending an ultrasonic beam in the second direction with some of the transducers in the array controlled but also first
image data for detection of the region of interest based on an echo signal that has been obtained by sending an ultrasonic
beam in the second direction with the other transducers in the array controlled. On the other hand, in the detection mode,
the controller may generate second image data for detection of the region of interest by controlling all transducers in the
array, and the monitor may display the image for detection based on the second image data for detection.
[0022] Those transducers that are used in the array to generate the positioning image may scan the body with an
ultrasonic beam either mechanically or by deforming a material, which is arranged on the array of transducers so as to
face the body and be deformed with an applied voltage.
[0023] The material deformed with the applied voltage may be a conductive high molecular material, an ionic conductive
high molecular material or a dielectric elastomer.
[0024] The monitor may further render a guideline for positioning on the image for positioning.
[0025] The array of transducers of the probe may include multiple subsets of transducers, each said subset being
used to generate the image for positioning. The controller may generate image data for positioning that is associated
with either each said subset of transducers or only selected subsets of transducers. And the monitor may display the
image for positioning based on each said image data for positioning.
[0026] An ROI measuring method according to the present invention is a method of carrying out a measurement on
a region of interest using the ultrasonic diagnostic apparatus of the present invention. The method includes the steps
of: putting the probe of that ultrasonic diagnostic apparatus on a body; making the probe receive echo signals from
multiple points in the region of interest; checking a status of the region of interest in respective tomographic images that
are associated with the multiple points and that have been synthesized based on the echo signal; and if the sum of
image data ranges of measured value retrievable portions of the region of interest has turned out to be equal to or greater
than a predetermined value in the step of checking the status of the region of interest, then calculating the detected
value of the region of interest.
[0027] An ROI image monitoring method according to the present invention is a method of displaying an image rep-
resenting a region of interest using an ultrasonic diagnostic apparatus. The method includes the steps of: putting the
probe of the alternative ultrasonic diagnostic apparatus of the present invention on a body; displaying, on the monitor,
an image representing how much the probe is tilted with respect to the region of interest of the body based on image
data representing the tilted positioning; adjusting the position of the probe based on an image representing the tilted
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positioning to be displayed on the monitor either while the probe is being moved or after the probe has been moved;
and displaying the image of the region of interest on the monitor based on the image data of the region of interest.
[0028] The step of putting may include putting the probe on a neck of the body, and the step of displaying the image
of the region of interest may include displaying an image representing a carotid artery.

ADVANTAGEOUS EFFECTS OF INVENTION

[0029] One preferred embodiment of the present invention includes a controller, to which a probe and a monitor are
connected. The controller has a detection mode in which multiple detected images, detected from multiple points and
generated by moving the probe with respect to the region of interest, are displayed on the monitor. In addition, if the
sum of (appropriate) image data ranges of measured value retrievable portions of the region of interest, which are
included in those images detected from the multiple points, is equal to or greater than a predetermined value, a detected
value is calculated with respect to the region of interest. As a result, accurate detection can also get done even by an
unskilled person.
[0030] A controller is provided, to which a probe and a monitor are connected, the probe having an array of transducers,
in which a number of transducers are arranged. The controller has a positioning mode and a detection mode. In the
positioning mode, the object is scanned with an ultrasonic beam substantially perpendicularly to the array of transducers
using some of the transducers in the array, thereby obtaining a positioning image to get positioning done. And when the
modes of operation are changed into the detection mode after that, the positioning image is switched into the detected
image using the array of transducers including those transducers that have been used to generate the positioning image.
Consequently, even an unskilled person can also make an accurate detection.
[0031] That is to say, according to the present invention, only if the sum of (appropriate) image data ranges of measured
value retrievable portions, which are included in multiple images detected from the multiple points, is equal to or greater
than a predetermined value, the detected value of the region of interest is supposed to be calculated. That is why even
if the relative position of the probe with respect to the region of interest is slightly different from the proper one, the
detected value can still be obtained from the region of interest. Consequently, even an unskilled person can also make
an accurate detection.

BRIEF DESCRIPTION OF DRAWINGS

[0032]

FIG. 1 illustrates the appearance of an ultrasonic diagnostic apparatus 100 according to the present invention.
FIG. 2 is a perspective view generally illustrating the configuration of a probe 1.
FIG. 3 is a cross section generally illustrating the configuration of the probe 1.
FIG. 4 is a block diagram illustrating the electrical configuration of the ultrasonic diagnostic apparatus 100.
FIG. 5 is a flowchart showing the procedure of the processing to get done by the ultrasonic diagnostic apparatus 100.
FIG. 6 is a perspective view illustrating how the probe 1 operates.
FIG. 7 is a side view illustrating how the probe 1 operates.
FIG. 8 illustrates what images may be displayed on the monitor 4.
FIG. 9 illustrates a relative position of the probe 1 with respect to a carotid artery 6 and a symbol 4H prompting the
operator to adjust the position of the probe 1 as displayed on the monitor 4.
FIG. 10 illustrates another relative position of the probe 1 with respect to the carotid artery 6 and a symbol 4H
prompting the operator to adjust the position of the probe 1 as displayed on the monitor 4.
FIG. 11 is a side view schematically illustrating how the array 9 of transducers swings.
FIG. 12(a) illustrates a relative position of the probe with respect to the carotid artery, and FIGS. 12(b), 12(c) and
12(d) illustrate long-axis images Y1, Y2 and Y3 at swing angles θ1, θ2 and θ3, respectively.
FIG. 13(a) illustrates another relative position of the probe with respect to the carotid artery, and FIGS. 13(b), 13(c)
and 13(d) illustrate long-axis images Y1, Y2 and Y3 at swing angles θ1, θ2 and θ3, respectively.
FIG. 14(a) illustrates still another relative position of the probe with respect to the carotid artery, and FIGS. 14(b),
14(a) and 14(d) illustrate long-axis images Y1, Y2 and Y3 at swing angles θ1, θ2 and θ3, respectively.
FIG. 15(a) illustrates yet another relative position of the probe with respect to the carotid artery, and FIGS. 15(b),
15(c) and 15(d) illustrate long-axis images Y1, Y2 and Y3 at swing angles θ1, θ2 and θ3, respectively.
FIG. 16 is a side view illustrating a relative position of the probe with respect to the carotid artery.
FIG. 17(a) illustrates a state in which a portion of the probe with a probe origin is slightly improperly tilted outward
with respect to the centerline representing the center axis of the carotid artery and FIG. 17(b) illustrates a specific
detection position C that falls within not only a predetermined length defined by the image data representing the
measured value retrievable region (i.e., appropriate image data) to detect the IMT but also the detectible range (width).
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FIG. 18 is a block diagram illustrating the electrical configuration of an ultrasonic diagnostic apparatus 110 as a
second preferred embodiment of the present invention.
FIG. 19 is a flowchart showing the procedure of the processing to get done by the ultrasonic diagnostic apparatus 110.
FIG. 20A is a perspective view generally illustrating an arrangement of the probe 1 according to a third preferred
embodiment of the present invention.
FIG. 20B illustrates how the array of transducers of the probe 1 are associated according to the third preferred
embodiment with images in the positioning mode.
FIG. 20C is a perspective view generally illustrating how the array of transducers of the probe 1 are associated
according to the third preferred embodiment with images in the detection mode.
FIG. 21 shows cross-sectional views generally illustrating a method for transmitting an ultrasonic wave from a part
of an array of transducers.
FIG. 22 is a block diagram illustrating the electrical configuration of an ultrasonic diagnostic apparatus 130 as a
fourth preferred embodiment of the present invention.
FIG. 23 is a perspective view generally illustrating a probe for use in the fourth preferred embodiment.
FIG. 24 is a perspective view generally illustrating an alternative probe, which may be used in the fourth preferred
embodiment.
FIG. 25 is a perspective view generally illustrating a probe for use in the fifth preferred embodiment.
FIG. 26 is a block diagram illustrating the electrical configuration of an ultrasonic diagnostic apparatus 140 as a fifth
preferred embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0033] Hereinafter, preferred embodiments of an ultrasonic diagnostic apparatus according to the present invention
will be described with reference to the accompanying drawings.

(EMBODIMENT 1)

[0034] FIG. 1 illustrates the appearance of an ultrasonic diagnostic apparatus 100 as a first specific preferred embod-
iment of the present invention. The ultrasonic diagnostic apparatus 100 includes a probe 1, a controller 3, to which the
probe 1 is connected with a cable 2, a monitor 4, which is also connected to the controller 3, and a foot switch 5.
[0035] The probe 1 sends an ultrasonic beam that has been output from the controller 3 toward a target tissue inside
an organism and receives an echo signal that has been reflected back from the tissue in the organism. Then, the probe
1 outputs the received echo signal as echo data to the controller 3.
[0036] Based on the echo data received from the probe 1, the controller 3 generates an image representing a carotid
artery 6, for example, and also generates an improperly tilted positioning image representing how much the probe 1 is
improperly tilted with respect to the carotid artery 6. In the following example, the carotid artery 6 is supposed to be an
example of the region of interest (ROI).
[0037] The monitor 4 displays an image representing the carotid artery 6 and the improperly tilted positioning image
that have been generated by the controller 3.
[0038] FIGS. 2 and 3 illustrate the configuration of the probe 1. At the front end inside of the body case 7 of the probe
1, arranged is an array 9 of transducers, which can swing freely on an axis 8 of swing.
[0039] Specifically, a portion of the body case 7, which is arranged closer to the cable 2, has a smaller size than the
rest of the body case 7, and functions as a grip portion 7a, which allows the inspector to hold the probe 1 in his or her
hand. The wider and bigger portion of the body case 7, which is arranged more distant from the cable 2, functions as a
contact portion 7b to be brought into contact with the organism.
[0040] And as shown in FIGS. 2 and 3, a number of transducers are arranged in line in the long-axis direction at the
front end of that contact portion 7b.
[0041] Although the transducers that form the array 9 are arranged in line in this example, the transducers may also
be arranged in a curved pattern such as a convex or concave pattern or any other appropriate pattern.
[0042] In the array 9 of transducers, arranged are a number of ultrasonic transducers, which are made of a piezoelectric
ceramic such as PZT (lead zirconate titanate), a piezoelectric single crystal such as PMN-PT (lead magnesium niobate-
lead titanate) or a high molecular material such as PVDF (poly(vinylidene fluoride)), for example. The voltage applied
to the respective piezoelectric bodies can be switched electrically with the controller 3.
[0043] The array 9 of transducers is formed by arranging a number of ultrasonic transducers 10 in line. By scanning
the object with an ultrasonic beam with the array 9 of transducers swung on the axis of rotation 8 in the directions
indicated by the arrow A shown in the cross-sectional view of FIG. 3, a detected image can be obtained from a wide
range with a broad width.
[0044] As a method for scanning the object with an ultrasonic beam with the array 9 of transducers swung, a drive
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mechanism such as a motor may be used in general. Alternatively, a shape change layer, of which the material is
deformed by an electric field (or voltage) applied, may be arranged on either the upper surface of the array 9 of transducers
(i.e., one side of the array 9 that faces the subject) or the lower surface thereof (i.e., the other side of the array 9 that is
opposite from that side that faces the subject), and may be deformed so as to scan the object with an ultrasonic beam.
According to such a method, if the shape change layer is arranged on one side of the array 9 of transducers that faces
the subject, for example, the ultrasonic beam is refracted by using a difference in sonic velocity between the ultrasonic
beam that has come from the shape change layer and the ultrasonic beam that has come from the subject, thereby
scanning the subject. On the other hand, if the shape change layer is arranged on the other side of the array 9 that is
opposite from that side of the array 9 that faces the subject, then the shape change layer may be deformed, and the
direction the array 9 faces may be changed, with the voltage applied, thereby scanning the subject with an ultrasonic
beam. The principle of such a method will be described later as to a third specific preferred embodiment of the present
invention. According to that method, the array 9 of transducers is arranged where the axis 8 of rotation is arranged in
the example illustrated in FIG. 3.
[0045] The ultrasonic diagnostic apparatus 100 of this preferred embodiment has a positioning mode, in which the
probe 1 needs to be positioned properly with respect to the carotid artery 6, and a detection mode, in which the specific
status of the carotid artery 6 needs to be detected.
[0046] In the positioning mode, since a wide range, including a range where nobody knows whether the blood vessel
can be detected at all, needs to be searched for the blood vessel, the swing angle of the array 9 of transducers as
indicated by the arrow A is set to be a large angle. On the other hand, in the detection mode to be carried out after that,
the detecting operation may be focused on a relatively small range almost along the blood vessel, which has been
narrowed down to a certain degree in the positioning mode, and therefore, the swing angle of the array 9 may be smaller
than the former swing angle by one digit or more. In this preferred embodiment, the swing angle is supposed to be 30
degrees in the positioning mode and only 1 degree in the detection mode to be carried out after that, as will be described
in detail later.
[0047] Also, as shown in FIG. 2, a probe origin marker 7c is set on the contact portion 7b of the body case 7 at one
end of the array 9 of transducers. By reference to the position of that probe origin marker 7c, the operator adjusts the
position of the probe 1 as will also be described in detail later.
[0048] FIG. 4 is a block diagram illustrating the electrical configuration of the ultrasonic diagnostic apparatus 100. An
ultrasonic transmitting and receiving section 11 is connected to the array 9 of transducers of the probe 1. And a trans-
mission-reception control section 12 is connected to the ultrasonic transmitting and receiving section 11.
[0049] Also, a swing control section 14 is connected to a swinging section 13, which swings the array 9 of transducers
of the probe 1.
[0050] A mode of operation management section 15 is connected to the transmission-reception control section 12
and the swing control section 14. The mode of operation management section 15 gets the array of transducers 9 swung
by the swinging section 13 615 degrees with respect to the center of swing (i.e., with an amplitude (swing angle) of 30
degrees) in the positioning mode described above and then swung by 60.5 degrees with respect to the center of swing
(i.e., with an amplitude (swing angle) of 1 degree) in the detection mode after that.
[0051] A signal processing section 16 is connected to the ultrasonic transmitting and receiving section 11. And an
image generating section 17 and an IMT measuring range setting section 18 are connected in parallel to the signal
processing section 16.
[0052] The monitor 4 is connected to the image generating section 17 by way of a display synthesizing section 19.
[0053] The display synthesizing section 19 is also connected to the IMT measuring range setting section 18 by way
of an IMT calculating section 20.
[0054] A vascular center detecting section 21 is connected to the image generating section 17. The mode of operation
management section 15 and a probe guiding image generating section 23 are connected to the vascular center detecting
section 21 by way of a blood vessel position analyzing section 22. Among these sections, the probe guiding image
generating section 23 is connected to the display synthesizing section 19.
[0055] On the other hand, an electrocardiogram (which will be abbreviated herein as "ECG") checking section 25 is
connected to the IMT calculating section 20 by way of an end-diastolic phase detecting section 24.
[0056] It should be noted that the operations of these sections are controlled mainly by the control section 26, which
is roughly made up of an ultrasonic transmitting and receiving section, a signal processing section and an image generating
section and of which the program is stored in a ROM 27.
[0057] Also, the foot switch 5 described above may be connected as an input means to the control section 26. However,
the foot switch 5 is just an example of the input means and any other input device may be connected as well.
[0058] FIG. 5 is a flowchart showing how to change the modes of operation from the positioning mode ST-S (where
ST denotes "step" and the same abbreviation will be used in the rest of the description) into the detection mode ST-I.
First of all, in the positioning mode ST-S, a linear array 9 of transducers is positioned so as to face, and be arranged
parallel to, the carotid artery 6 that runs vertically through the subject’s neck 28 as shown in FIG. 1. Nevertheless, as
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the direction in which the carotid artery 6 runs cannot be confirmed with the eyes, the array 9 of transducers does not
have be positioned exactly parallel to the carotid artery 6. By performing this positioning operation, the array 9 of
transducers can face the carotid artery 6 and can be arranged substantially parallel to the direction in which the carotid
artery 6 runs.
[0059] Thereafter, in accordance with the instruction to enter the positioning mode that has been given by the mode
of operation management section 15 shown in FIG. 4, the swing control section 14 drives the swinging section 13. FIGS.
6 and 7 illustrate how the array 9 of transducers is swung. As indicated by the arrow A, the array 9 of transducers is
swung on the axis of rotation 8 within a swing angle (i.e., a maximum angle of motion) of 30 degrees while sending out
an ultrasonic beam at the same time. As a result, a detected image can be obtained from a wider range with an even
broader width.
[0060] In this positioning mode ST-S, the swing angle (the maximum angle of motion) of the array 9 of transducers is
set to be as large as 30 degrees. As a result, a stereoscopic (i.e., 3D) image representing the carotid artery 6 can be
obtained as shown in FIG. 6 (in ST1 shown in FIG. 5).
[0061] In addition, not only such a stereoscopic image (3D image) but also shorter-axis cross sections L1, L2 and L3
of the neck 28 are obtained as shown in FIG. 6. These cross sections L1, L2 and L3 are obtained in this order downward
along the neck 28.
[0062] FIG. 8 illustrates what may be displayed on the monitor 4. On the screen of the monitor 4, a long-axis image
display area 4A is arranged in the upper half and a short-axis image display area 4B is arranged in the lower half.
[0063] One of important features to note in FIG. 8 is that in the short-axis tomographic image S1 as viewed on the
short-axis cross section L1 shown in FIG. 6 and displayed in the short-axis image display area 4B, cross sections of
two branches of the carotid artery, which run toward the top of the subject’s head, appear as larger and smaller circles.
That is to say, the short-axis tomographic image S1 shows a position where the carotid artery 6 branches into two.
[0064] That is to say, to stabilize the position for detection, the region of interest that has been set on the carotid artery
6 is defined to be as high as, and lower than, the branching point of the carotid artery 6.
[0065] As also shown in FIG. 8, probe contact angle guide lines 4L and 4M are drawn on the short-axis tomographic
image S1. These probe contact angle guide lines 4L and 4M are lines, each of which forms an angle of 45 degrees with
respect to the base of the short-axis tomographic image S1 (if the short-axis tomographic image S1 is displayed as a
square image). The probe contact angle guide lines are sometimes called "probe insert angle guide lines". Over the
branching point of the carotid artery, the relative positions of the two branches of the carotid artery on the short-axis
tomographic image S1 change according to the angle of contact defined by the probe 1 with respect to the neck. For
example, if the probe 1 is put on the neck so as to define an angle of contact of 90 degrees with respect to a virtual
plane that covers the subject’s nasal muscle, the cross sections of the two branches of the carotid artery will appear
side by side as shown in FIG. 8. On the other hand, if the probe 1 is put on the neck with that angle of contact changed
by 45 degrees toward the occipital region, then the cross sections of the two branches of the carotid artery will appear
side by side substantially parallel to the probe contact angle guide line 4L. In this manner, the angle of contact defined
by the probe 1 with respect to the neck can be known easily by these probe contact angle guide lines 4L and 4M.
[0066] On the other hand, as a centerline that runs through the short-axis tomographic images S2 and S3 that are
respectively viewed on the short-axis cross sections L2 and L3 shown in FIG. 6 and displayed in the short-axis image
display area 4B shown in FIG. 8, drawn is a blood vessel centering guide line 4C. By reference to this line, it can be
seen on which side the center of the carotid artery 6 is now located and how much the center of the carotid artery 6 has
shifted.
[0067] Unless the array 9 of transducers is parallel to the carotid artery 6, the IMT cannot be detected afterward. For
that reason, the blood vessel centering guide line 4C is displayed to see if the array 9 of transducers is now arranged
parallel to, and faces right to, the carotid artery 6. Hereinafter, it will be described how to generate the short-axis
tomographic images S1 to S3 and how to find the center of the blood vessel.
[0068] As shown in FIG. 4, the information (echo data) that has been obtained from the array 9 of transducers is
conveyed to the image generating section 17 by way of the ultrasonic transmitting and receiving section 11 and the
signal processing section 16. In response to that signal, the image generating section 17 generates 3D image data, and
the vascular center detecting section 21 calculates the center position of the blood vessel based on that 3D image data.
[0069] Specifically, by taking advantage of the fact that the carotid artery 6 has an almost circular cross section, the
center position of the blood vessel is calculated based on the size of the circle and then compared to the blood vessel
centering guide line 4C, thereby calculating the magnitude of shift between them. In the status shown in FIG. 8, cross
sections of two branches of the carotid artery 6 appear in the short-axis tomographic image S1 and the center axis of
the carotid artery 6 is aligned with the blood vessel centering guide line 4C that defines the centerline of the short-axis
tomographic images S2 and S3. Consequently, it can be said that the probe 1 is now arranged at a right position for
detection. It should be noted that the lines SL1, SL2 and SL3 shown in FIG. 8 indicate cross sections of the carotid
artery 6 respectively corresponding to the short-axis cross sections L1, L2 and L3 shown in FIG. 6.
[0070] FIGS. 9 and 10 illustrate relative positions of the probe 1 and the carotid artery 6, which are now displayed on
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the monitor 4, along with a symbol 4H that prompts the operator to change the position of the probe 1. In FIGS. 9 and
10, displayed are not only the short-axis tomographic images S1, S2 and S3 shown in FIG. 8 but also an improperly
tilted positioning image 4D of the probe 1, which is displayed over the short-axis tomographic image S1.
[0071] This improperly tilted positioning image 4D not only indicates how much the probe 1 is now improperly tilted
with respect to the carotid artery 6 but also prompts the operator to adjust the position of the probe 1 so that the probe
1 is arranged parallel to, and faces right to, the carotid artery 6.
[0072] More specifically, on the improperly tilted positioning image 4D, also shown are the centerline 4E representing
the center axis of the carotid artery 6 (as the region of interest) to be detected by the probe 1 and a probe symbol 4F
indicating how much the probe 1 is improperly tilted with respect to the centerline 4E. On the probe symbol 4F, further
shown is a probe origin 4G.
[0073] The probe origin 4G is an image sign corresponding to the probe origin marker 7c that has been set at one
end of the array of transducers 9 as shown in FIG. 1, and is displayed on the image on the monitor 4.
[0074] That is why if the arrow 4H of the probe symbol 4F of the improperly tilted positioning image 4D points downward
as shown in FIG. 9, the operator may change the position of the probe 1 so that the probe origin marker 7c thereof
moves in the direction indicated by that arrow 4H.
[0075] On the other hand, if the arrow 4H of the probe symbol 4F of the improperly tilted positioning image 4D points
upward as shown in FIG. 10, the operator may change the position of the probe 1 so that the probe origin marker 7c
thereof moves in the direction indicated by that arrow 4H.
[0076] Such an arrow 4H indicating in what direction the probe origin marker 7c of the probe 1 should be moved is
generated by the vascular center detecting section 21, the blood vessel position analyzing section 22 and the probe
guiding image generating section 23 shown in FIG. 4.
[0077] That is to say, the arrow 4H that prompts the operator to move the probe origin marker 7c of the probe 1 is
generated by determining on which side of the blood vessel centering guide line 4C the carotid artery 6 is now located
(and how much the carotid artery 6 is shifted) on the short-axis tomographic images S1, S2 and S3 shown in FIG. 8.
[0078] The respective image data representing the short-axis tomographic images S1, S2 and S3, the long-axis image
display area 4A, the improperly tilted positioning image 4D, the centerline 4E, the probe symbol 4F, the probe origin 4G
and the arrow 4H are all generated by the probe guiding image generating section 23 shown in FIG. 4. All of these image
data are sent to the display synthesizing section 19 and synthesized there with the image data in the long-axis image
display area 4A that has been supplied from the image generating section 17. As a result, the images are displayed as
shown in FIG. 9 or 10 (in ST2 and ST3 shown in FIG. 5).
[0079] As soon as it has been confirmed that the probe 1 has been put in a right position on the carotid artery 6 to
detect the region of interest (i.e., when the arrow 4H shown in FIG. 9 or 10 disappears), the process advances to the
detection mode ST-I shown in FIG. 5.
[0080] To enter the detection mode, the operator may tread on the foot switch 5 shown in FIG. 1, for example.
Alternatively, as soon as the control section 26 senses that the arrow 4H has disappeared, the modes of operation may
be automatically changed into the detection mode ST-I shown in FIG. 5, no matter whether a signal has been supplied
from the foot switch 5 or not. It should be noted that the arrow 4H could either always have a constant size irrespective
of the magnitude of shift or have its size changed according to the magnitude of shift so that the operator can see easily
how much the probe 1 is still shifted.
[0081] Optionally, once it is confirmed that the probe 1 has been put at a right position on the carotid artery 6 to detect
the region of interest, the operator may be notified of that not just by making the arrow 4H disappear as described above
but also by changing some property of the display into what usually gives the operator an okay (or let’s go) impression.
For example, the display color of the improperly tilted positioning image 4D may be changed into green to indicate that
status.
[0082] Next, in the detection mode ST-I shown in FIG. 5, in accordance with the instruction to enter the detection mode
that has been given by the mode of operation management section 15 shown in FIG. 4, the swing control section 14
drives the swinging section 13. As a result, the swing control section 14 swings the array 9 of transducers on the axis
of rotation 8 so that its swing angle (i.e., the maximum angle of motion) becomes as small as one degree as shown in
FIG. 11. In this manner, the detection operation can be focused on only a very narrow range and targeted right on the
carotid artery 6. More specifically, for that purpose, image data needs to be obtained from multiple points and an IMT
value needs to be calculated (or measured) based on that image data.
[0083] As described above, the IMT measuring process is usually carried out on a portion of the carotid artery with a
predetermined length and it is recommended that the IMT measuring range have a length of 1 cm. FIGS. 12 to 15
illustrate relative position of the array 9 of transducers with respect to the carotid artery 6. Specifically, FIG. 12(a) is an
improperly tilted positioning image indicating their relative positions by using, in combination, a schematic representation
illustrating a long-axis cross section of the carotid artery and a schematic representation illustrating a probe with the
probe origin marker 4G. On the other hand, FIGS. 12(b) to 12(d) illustrate long-axis images Y1, Y2 and Y3 with swing
angles θ1, θ2 and θ3, respectively. In each of these drawings, the lateral width represents a predetermined length of
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the carotid artery on which the IMT should be measured.
[0084] Among these drawings, FIG. 14 illustrates a state where the array 9 of transducers is arranged parallel to, and
faces right to, the carotid artery 6. Specifically, FIG. 14(a) illustrates an ideal arrangement in which the centerline of the
schematic representation illustrating a long-axis cross section of the carotid artery (i.e., the centerline 4E of the carotid
artery 6) is aligned with that of the schematic representation illustrating the probe with the probe origin marker 4G. That
is to say, FIG. 14(a) illustrates a state where the array 9 of transducers is put at a right position to get an IMT measured
value.
[0085] If the ideal arrangement shown in FIG. 14(a) is realized, image data representing the IMT measurable range
is included in a single picture of the image data so as to satisfy the predetermined length requirement (i.e., a media-
adventitia boundary 4J and a lumen-intima boundary 4K are displayed clearly) as shown in FIG. 14(c) and as will be
described later.
[0086] Meanwhile, FIGS. 12 and 13 illustrate an improperly tilted state in which a portion of the array 9 of transducers
with the probe origin 4G has shifted outward with respect to the centerline 4E representing the center axis of the carotid
artery 6. On the other hand, FIG. 15 illustrates an improperly tilted state in which a portion of the array 9 of transducers
with the probe origin 4G has shifted toward the centerline 4E of the carotid artery 6. In any of these states, the image
data representing the IMT measurable range is included in a single picture of image data but fails to satisfy the prede-
termined length requirement.
[0087] That is why if the portion of the array 9 of transducers with the probe origin 4G has shifted either outward or
inward with respect to the centerline 4E of the carotid artery 6 as shown in FIGS. 12, 13 and 15, naturally the probe 1
should be moved and aligned with the centerline 4E, Actually, however, since it is a very delicate fine adjustment to
arrange the probe 1 parallel to such a thin object as the carotid artery 6, it is rather difficult for an unskilled person to get
such a troublesome job done.
[0088] That is why according to this preferred embodiment, the ultrasonic diagnostic apparatus is designed so as to
get the IMT detection (or measurement) done not just when the array 9 of transducers is arranged exactly parallel to
the carotid artery 6 as shown in FIG. 14 but also even if the portion of the array 9 of transducers with the probe origin
4G is slightly tilted either outward as shown in FIG. 12 with respect to the centerline 4E of the carotid artery 6 or toward
that centerline 4E.
[0089] This point will be described in further detail. Each of FIGS. 12(b), 13(b), 14(b) and 15(b) illustrates a long-axis
image Y1 at the swing angle θ1 shown in FIG. 11. Each of FIGS. 12(c), 13(c), 14(c) and 15(a) illustrates a long-axis
image Y2 at the swing angle θ2 shown in FIG. 11. And each of FIGS. 12(d), 13(d), 14(d) and 15(d) illustrates a long-
axis image Y3 at the swing angle θ3 shown in FIG. 11 (in ST4 shown in FIG. 5).
[0090] Also, in portions (b) through (d) of FIGS. 12 to 15, 4I denotes the outside portion of the carotid artery 6, 4J
denotes the media-adventitia boundary, 4K denotes the lumen-intima boundary, the dashed line indicates that neither
the media-adventitia boundary nor the lumen-intima boundary can be rendered clearly based on the echo data, and the
solid line indicates that both the media-adventitia and lumen-intima boundaries can be rendered clearly. There is an
intima-media complex between the media-adventitia and lumen-intima boundaries 4J and 4K and the thickness of the
intima-media complex (i.e., the thickness of the region between the media-adventitia and lumen-intima boundaries 4J
and 4K) becomes the IMT value. That is why to detect the IMT value based on those portions (b) through (d) of FIGS.
12 to 15, it is important that the media-adventitia and lumen-intima boundaries 4J and 4K are caught definitely (i.e.,
rendered clearly) in those portions (b) through (d) of FIGS. 12 to 15.
[0091] Thus, the media-adventitia and lumen-intima boundaries 4J and 4K are caught definitely as a whole in those
portions (b) through (d) of FIGS. 12, 14 and 15 not just when the array 9 of transducers is arranged exactly parallel to
the carotid artery 6 as shown in FIG. 14 but also even if the portion of the array 9 of transducers with the probe origin
4G is slightly tilted either outward as shown in FIG. 12 with respect to the centerline 4E of the carotid artery 6 or toward
that centerline 4E.
[0092] More specifically, in FIG. 12, the media-adventitia and lumen-intima boundaries 4J and 4K are caught definitely
in a right-hand-side portion of FIG. 12(b), a central portion of FIG. 12(c) and a left-hand-side portion of FIG. 12(d). That
is why it can be said that the image (data) indicating that the media-adventitia and lumen-intima boundaries 4J and 4K
are caught definitely is rendering clearly a portion where a measured value can be obtained. Consequently, such an
image will be an appropriate image for measuring the IMT. If the three images shown in FIGS. 12(b), 12(c) and 12(d)
are used in combination, the region between the media-adventitia and lumen-intima boundaries 4J and 4K can be
located with a predetermined length represented as a whole by overlapping the three images shown in FIGS. 12(b), 12
(c) and 12(d) with each other (i.e., the lateral width in each of these drawings in this example), the media-adventitia and
lumen-intima boundaries can be detected, and the thickness between them can be measured. As a result, the IMT value
can be detected.
[0093] Also, in FIG. 14, the region between the media-adventitia and lumen-intima boundaries 4J and 4K can be
located easily in the entire image shown in FIG. 14(c) (i.e., from its left end through its right end), and therefore, the IMT
value can be detected. Furthermore, in FIG. 15, the media-adventitia and lumen-intima boundaries 4J and 4K are caught
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definitely in a left-hand-side portion of FIG. 15(b), a central portion of FIG. 15(c) and a right-hand-side portion of FIG.
15(d). Thus, combining these three image portions shown in FIGS. 15(b), 15(c) and 15(d) with each other, the region
between the media-adventitia and lumen-intima boundaries 4J and 4K can be located as a whole and the IMT value
can be detected. On the other hand, in FIG. 13, neither the media-adventitia boundary 4J nor the lumen-intima boundary
4K is caught clearly in FIG. 13(b) but the media-adventitia and lumen-intima boundaries 4J and 4K are caught clearly
only in a right-hand-side portion shown in FIG. 13(c) and in a central portion shown in FIG. 13(d). That is why even if
those image portions shown in FIGS. 13(b), 13(c) and 13(d) are combined with each other, the region between the
media-adventitia and lumen-intima boundaries 4J and 4K cannot be located and the IMT value cannot be detected as
a result.
[0094] As shown in FIG. 11, the media-adventitia and lumen-intima boundaries 4J and 4K are rendered clearly around
the center axis of the carotid artery 6. Specifically, when the array 9 of transducers has a swing angle θ2, a single fine
line indicates, in the overlapping square shown right under its arrow, that the media-adventitia boundary 4J and the
lumen-intima boundary 4K are rendered clearly. In FIG. 11, also shown, by a certain width of shift between the media-
adventitia and lumen-intima boundaries 4J and 4K, is that the media-adventitia and lumen-intima boundaries 4J and
4K are rendered unclearly in the outside portion of the carotid artery 6 when the array 9 has a swing angle θ1 or θ3. The
image shows that those boundaries are not rendered clearly unlike what is indicated by the single fine line when the
swing angle is θ2.
[0095] FIGS. 16 and 17 show that this ultrasonic diagnostic apparatus is designed so as to detect the IMT value even
if the portion of the array 9 of transducers with the probe origin 4G is slightly tilted either outward as shown in FIG. 12
with respect to the centerline 4E of the carotid artery 6 or toward that centerline 4E. The IMT can naturally be detected
when the array 9 of transducers is arranged parallel to, and faces right to, the carotid artery 6 as shown in FIG. 14. In
this detection mode ST-I, the array 9 of transducers swings on the axis 8 of rotation so as to form a swing angle (i.e.,
maximum angle of motion) of only one degree and the detecting operation can be focused on such a very narrow range
and targeted only on the carotid artery 6 as described above.
[0096] In this case, the IMT detectible range A and a position B where the media-adventitia and lumen-intima boundaries
4J and 4K can be detected clearly are shown in FIG. 16. FIG. 17(a) illustrates an improperly tilted state in which the
portion of the array 9 of transducers with the probe origin 4G is slightly tilted outward with respect to the centerline 4E
representing the center axis of the carotid artery 6. FIG. 17(b) illustrates a specific detection position C that falls within
not only a predetermined length defined by the image data representing the measured value retrievable region (i.e.,
appropriate image data) to detect the IMT at that time but also the detectible range (width) A.
[0097] As in FIG. 16, the width A shown in FIG. 17(b) indicates the IMT detectible range and the line B indicates the
position where the media-adventitia and lumen-intima boundaries 4J and 4K can be detected clearly.
[0098] That is to say, in FIG. 17(b), in the improperly tilted state in which the portion of the array 9 of transducers with
the probe origin 4G is slightly tilted outward as shown in FIG. 12 with respect to the centerline 4E of the carotid artery
6, the array 9 of transducers subtly moves on the axis 8 of rotation so as to form a swing angle (i.e., maximum angle of
motion) of only one degree. That is why only while passing through the width A defining the IMT detectible range (but
in a still improperly tilted state in this case), the region between the media-adventitia and lumen-intima boundaries 4J
and 4K can be detected clearly as shown in FIG. 12 (in ST5 and ST6 shown in FIG. 5).
[0099] In this preferred embodiment, the range of the image data representing the measured value retrievable region
to detect the IMT (i.e., appropriate image) is supposed to have a predetermined length D of 1 cm as shown in FIG. 17(b).
[0100] That is to say, to locate the region between the media-adventitia and lumen-intima boundaries 4J and 4K
described above, the range should have a length of at least 1 cm. And if this condition is satisfied (i.e., if the sum of the
lateral widths of the three portions as indicated by the three slants C in FIG. 17(b) can be at least equal to 1 cm), the
IMT can be detected from the region of interest (i.e., the carotid artery 6 in this example) by measuring (or calculating)
the maximum thickness (max IMT) or mean thickness (mean IMT) based on the IMT detected values of the respective
positions.
[0101] Now take a look at FIG. 4 again.
[0102] The IMT measuring range setting section 18 determines which of the regions shown in portions (b) through (d)
of FIGS. 12 to 15 should be used as the measuring range. Also, if the region between the media-adventitia and lumen-
intima boundaries 4J and 4K can be located within the 1 cm range as described above, the IMT measuring range setting
section 18 passes the IMT data, which is a value detected at the positions indicated by the slants C in FIG. 17(b), to the
IMT calculating section 20.
[0103] The electrocardiogram (which will be abbreviated herein as "ECG") checking section 25 is connected to the
IMT calculating section 20 by way of the end-diastolic phase detecting section 24. In the end-diastolic phase that has
been detected by the end-diastolic phase detecting section 24, the IMT is detected and displayed on the monitor 4 after
having been processed by the display synthesizing section 19 (in ST7 and ST8 shown in FIG. 5).
[0104] As a result, according to this preferred embodiment, the IMT can be detected (or measured) not just when the
array 9 of transducers is arranged exactly parallel to the carotid artery 6 but also even if the portion of the array 9 of



EP 2 514 365 A1

11

5

10

15

20

25

30

35

40

45

50

55

transducers with the probe origin 4G is slightly tilted either outward as shown in FIG. 12 with respect to the centerline
4E of the carotid artery 6 or toward that centerline 4E. Consequently, the measuring work can be simplified significantly.
[0105] As can be seen from the foregoing description, with the ultrasonic diagnostic apparatus 100 of this preferred
embodiment, even an unskilled person can get the IMT detection done both easily and accurately.
[0106] In the preferred embodiment described above, images detected from multiple points are supposed to be dis-
played in the detection mode as shown in FIGS. 12 to 15. However, those images shown in FIGS. 12 to 15 do not always
have to be displayed. Rather as long as the range where the region between the media-adventitia and lumen-intima
boundaries 4J and 4K (i.e., the range of the image data representing the measured value retrievable region) can be
located and that has a length of at least 1 cm can be secured within a predetermined amount of time after the modes
of operation have been changed into the detection mode, the IMT can also be calculated even without any images. In
that case, if the minimum required length (representing the IMT measuring range) cannot be secured even after a
predetermined amount of time, then the modes of operation will be changed into the positioning mode again as shown
in the flowchart of FIG. 5 to attempt to position the probe 1 more properly with respect to the carotid artery 6.
[0107] Also, if the user is not a skilled person but can still perform the carotid artery rendering operation fairly well,
then he or she may use only the detection mode and may determine whether or not the carotid artery can be rendered
roughly without using the positioning mode.
[0108] Furthermore, in the preferred embodiment described above, the IMT is supposed to be measured when that
range in which the region between media-adventitia and lumen-intima boundaries 4J and 4K can be located has a length
of 1 cm. However, the predetermined length does not always have to be 1 cm. Alternatively, the decision can also be
made by seeing if the length of that range accounts for at least a predetermined percentage of 1 cm. The higher that
percentage, the more proper the IMT measuring range and the more accurate the IMT measured value can be. On the
other hand, if the percentage is set to be low, then the IMT measurement can also get done even if the probe has
somewhat shifted from a proper position, and therefore, the operability can be increased.
[0109] Furthermore, in the preferred embodiment described above, the IMT is supposed to be measured using images.
However, the IMT can also be measured using echo data yet to be transformed into the images.
[0110] Furthermore, in the preferred embodiment described above, short-axis tomographic images are supposed to
be obtained by swinging the array of transducers that are arranged in line. However, the same processing can also be
carried out with an additional array of transducers arranged perpendicularly to one or multiple arrays of transducers that
are arranged in line(s).
[0111] Furthermore, in the preferred embodiment described above, the region of interest is supposed to be the carotid
artery and its IMT is supposed to be measured. However, this is just an example of the present invention. For instance,
the present invention is also applicable for use to measure the IMT of the femoral artery. Alternatively, the technique of
the present invention can also be used with an image that renders clearly the anterior and posterior walls of the blood
vessel defined to be an appropriate one when the vascular diameter of the abdominal artery is measured.
[0112] Furthermore, even when an embryo is measured, the technique of the present invention can also be used with
an image that renders clearly a measuring site such as a thigh bone defined as an appropriate image.

(EMBODIMENT 2)

[0113] FIG. 18 is a block diagram illustrating the electrical configuration of an ultrasonic diagnostic apparatus 110 as
a second specific preferred embodiment of the present invention. The ultrasonic diagnostic apparatus 110 includes the
probe 1, a controller 310, the monitor 4, and the foot switch 5.
[0114] In the ultrasonic diagnostic apparatus 110 shown in FIG. 18, any component also included in the ultrasonic
diagnostic apparatus 100 of the first preferred embodiment and having substantially the same function as its counterpart
is identified by the same reference numeral and its description will be omitted herein.
[0115] As shown in FIG. 18, the ultrasonic diagnostic apparatus of this preferred embodiment includes an end-diastolic
phase detecting section 24A instead of the end-diastolic phase detecting section 24 and ECG checking section 25 of
the first preferred embodiment shown in FIG. 4.
[0116] The end-diastolic phase detecting section 24A also detects the end of a vascular systolic phase by the technique
disclosed in Japanese Patent No. 4189405 and further detects the IMT at that timing. The entire disclosure of Japanese
Patent No. 4189405, including all of its description and drawings, is hereby incorporated by reference.
[0117] Specifically, the end-diastolic phase detecting section 24A includes a tissue tracking section, which analyzes
the signal received from the signal processing section 26 to track the motion of the subject’s tissue, and a feature quantity
detecting section, which detects a feature quantity representing the motion of the subject’s tissue to track and outputs
a feature quantity detection signal. The tissue tracking section tracks the motion of the vascular wall of the carotid artery.
The IMT value is ideally measured when the vascular wall has the maximum thickness. The carotid artery rapidly dilates
in the systolic phase and contracts slowly in the diastolic phase. The feature quantity detecting section tracks such
motion of the vascular wall of the carotid artery and detects the end of the diastolic phase when the vascular wall has
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the maximum thickness.
[0118] With such a configuration adopted, there is no need to attach the electrocardiogram (which will be abbreviated
herein as "ECG") checking section 25 to the subject, and therefore, it becomes even easier for an unskilled person to
get the IMT detection (or measurement) done properly.
[0119] In this preferred embodiment, when the center of the carotid artery 6 is either aligned with, or sufficiently close
to, the centerline 4E, the swing of the array 9 of transducers is stopped, the same region of the carotid artery 6 is irradiated
with a beam in that state, and the image representing that region (such as the one shown in FIG. 8) is displayed on the
monitor 4 as in ST4 shown in FIG. 19.
[0120] Then, the end of the diastolic phase is detected in ST5. The images shown in FIGS. 12 to 15 are generated in
ST6 as in ST4 shown in FIG. 5. Next, in ST7, it is determined whether or not the IMT measuring range has at least a
predetermined length as in ST6 shown in FIG. 5. And the IMT value is displayed on the monitor 4 in ST8.

(EMBODIMENT 3)

[0121] FIG. 20A illustrates a probe 1 according to a third preferred embodiment of the present invention. The probe
1 is connected to the ultrasonic diagnostic apparatus of the first or second preferred embodiment described above, and
subjected to an ultrasonic beam transmission and reception control by the ultrasonic diagnostic apparatus so as to
receive an echo signal. Then, the echo signal thus received is transmitted as echo data to the ultrasonic diagnostic
apparatus. As a result, an ultrasonic diagnostic image can be obtained.
[0122] In the arrays 9A and 9B of transducers of this preferred embodiment, also arranged are a number of ultrasonic
transducers, which are made of a piezoelectric ceramic such as PZT (lead zirconate titanate), a piezoelectric single
crystal such as PMN-PT (lead magnesium niobate-lead titanate) or a high molecular material such as PVDF (poly
(vinylidene fluoride)), for example. The voltage applied to the respective piezoelectric bodies can be switched electrically
with the controller 3, thereby obtaining ultrasonic diagnostic images.
[0123] The array 9A of transducers to be arranged to face the carotid artery 6 scans the object with an ultrasonic beam
in the long-axis direction, thereby obtaining echo data in the long-axis direction, which will be used afterward in the
processing step of displaying a long-axis image with a circuit. On the other hand, the arrays 9B of transducers scan the
object with an ultrasonic beam in a short-axis direction, which intersects with the long-axis image display direction at
substantially right angles, thereby obtaining short-axis echo data, which will be used afterward in the processing step
of displaying a short-axis image with a circuit.
[0124] In this case, the echo data that has been obtained by the array 9A of transducers is transformed into an ultrasonic
image by a known electronic control method. On the other hand, the arrays 9B of transducers need to scan the object
with an ultrasonic beam in the short-axis direction to generate an image. Examples of such methods of scanning the
object with an ultrasonic beam in the short-axis direction include mechanically rotating or reciprocating the arrays 9B of
transducers using a motor, for example. Another method is providing a material to be deformed with an electric field (or
voltage) applied to either the upper surface of the arrays 9B of transducers that faces the subject or the lower surface
thereof that is opposite from the former surface and scanning the object with an ultrasonic beam with that material
deformed. The latter method will be described in detail later.
[0125] Suppose the operator has put the probe 1 on the subject substantially parallel to his or her carotid artery 6.
Then, as shown in FIGS. 20A to 20C, when an ultrasonic beam is transmitted from, or received at, the array 9A of
transducers, an ultrasonic tomographic image 40A is displayed based on the echo data obtained. In the meantime, the
arrays 9B of transducers are physically rotated, reciprocated or swung perpendicularly to the direction in which the
transducers are arranged in the array 9A and scan the object with the ultrasonic beam while being moved physically
that way. And ultrasonic tomographic images 40B are displayed based on the echo data thus obtained. In the example
illustrated in FIGS. 20A through 20C, the arrays 9B of transducers are supposed to be arranged at both ends of the
array 9A of transducers. With such an arrangement adopted, the operator can align the probe 1 with the vascular center
axis of the carotid artery 6 more easily while monitoring the ultrasonic images 40B at both ends. FIG. 20A schematically
illustrates those arrays of transducers and ultrasonic images as a perspective view to make their arrangement easily
understandable. Actually, however, those arrays 9A and 9B of transducers of the probe 1 and the images displayed
40A and 40B are associated with each other as shown in FIG. 20B.
[0126] An actual method for measuring the IMT with the modes of operation changed into the detection mode after
the probe has been positioned in the positioning mode will be described with reference to FIGS. 20B and 20C.
[0127] FIG. 20B illustrates a status in the positioning mode, in which the operator positions the probe 1 so that the
centers of the arrays 9A and 9B of transducers of the probe 1 are aligned with the vascular center axis of the carotid artery 6.
[0128] The positioning may be carried out in the following manner. Specifically, ultrasonic images 4B (i.e., positioning
images) are obtained by scanning the object with an ultrasonic beam with the motions of the arrays 9B of transducers
at both ends physically controlled in the short-axis direction, while the long-axis ultrasonic image 4A is also obtained by
the array 9A of transducers. As a result, a tomographic image representing the carotid artery 6 is obtained. In that case,
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however, the centerline of the tomographic image is not always aligned with, but often shifted from, the vascular center
axis of the carotid artery 6. Thus, the operator makes fine adjustment so as to reduce that shift from the vascular center
axis of the carotid artery 6 by moving the probe 1 so that the vascular center axis is aligned with the blood vessel centering
guide lines 4C of the ultrasonic images 4B (as positioning images). When the vascular center axis is aligned with the
blood vessel centering guide lines 4C of the ultrasonic images 4B (as positioning images), the center axis of the blood
vessel in the long-axis direction is displayed on the ultrasonic image 4A. As the positioning mode ends in such a state,
the modes of operation are changed into the detection mode. It should be noted that the modes of operation may be
changed from the positioning mode into the detection mode by any arbitrary method. For example, by providing the
function of automatically sensing that the vascular center axis gets aligned with the blood vessel centering guidelines
4C of the ultrasonic images 4B, the modes of operation may be changed into the detection mode automatically. Alter-
natively, by providing a selector switch for any part of the apparatus and by turning the switch manually, the modes of
operation may be changed into the detection mode.
[0129] FIG. 20C illustrates what images may be displayed in the detection mode. In the detection mode, the arrays
9B of transducers that have been used in the positioning mode are returned to their original positions where the arrays
9B have the same array direction and the same short-axis tilt direction as the array 9A of transducers. Then, echo data
is obtained by operating both of these arrays 9A and 9B of transducers in combination and a long-axis ultrasonic image
4A (i.e., detected image) is generated and displayed. In this manner, the long-axis ultrasonic image 4A (detected image)
can present a broader (or longer) area than the ultrasonic image 4A shown in FIG. 20B does. Particularly when the
carotid artery 6 is inspected, its branched portions that lead to the brain (corresponding to what is identified by L1 in
FIG. 6, for example) are located around the subject’s lower jaw. That is why as described in Japanese Patent No.
4237256, those two arrays of transducers that are arranged at both ends for positioning purposes cannot display an
image in the long-axis direction. For that reason, the branched portions of the blood vessel sometimes may not be
displayed and may generate a dead space, which could pose a problem in making a diagnosis. However, such a problem
can be overcome by using the ultrasonic probe of this preferred embodiment.
[0130] As described above, by performing these series of processing steps with the modes of operation changed from
the positioning mode into the detection mode, even an unskilled person can measure the IMT with good reproducibility
and with high accuracy in an ultrasonic image 4A that covers a wide range.
[0131] In the preferred embodiment described above, two positioning images are supposed to be obtained from two
regions by the two arrays 9B of transducers that are arranged at both ends. However, three or more positioning images
may be obtained from three or more regions by arrays of transducers that are arranged at both ends and at the center,
for example. In that case, positioning may also be carried out by getting the positioning images displayed selectively by
some of the arrays of transducers. Still alternatively, in the positioning mode, the long-axis image 4A does not have to
be displayed but three or more positioning images alone may be displayed to carry out positioning. And when the modes
of operation are changed into the detection mode, only the long-axis image may be displayed. Even so, the same effect
can also be achieved.
[0132] Next, another exemplary method for scanning the object with an ultrasonic beam in the short-axis direction by
using the arrays 9B of transducers will be described with reference to FIG. 21. Specifically, according to that method,
the object is scanned with an ultrasonic beam by providing a material to be deformed with an electric field applied either
on the upper surface of the arrays 9B of transducers (that faces the subject) or on the lower surface thereof (that is
opposite from the former surface of the arrays 9B of transducers) and by deforming that material.
[0133] FIG. 21 illustrates generally cross sections of the arrays 9A and 9B of transducers shown in FIGS. 20A to 20C
as viewed on a plane that intersects with the array direction at right angles. Each of these arrays 9A and 9B of transducers
includes an ultrasonic transducer 10, a shape change layer 29, a back loading member 30 that supports the ultrasonic
transducer 10, and electrodes 31 and 32, which are arranged on the upper and lower surfaces of the shape change
layer 29 to scan the object with an ultrasonic beam. In order to transmit an ultrasonic beam using these arrays 9A and
9B of transducers, actually a variable power supply for applying an electrical signal should be arranged between the
electrodes 31 and 32 but its illustration is omitted in FIG. 21.
[0134] The electrodes 31 and 32 that sandwich the shape change layer 29 are located in the regions of the arrays 9B
of transducers shown in FIGS. 20A to 20C.
[0135] The ultrasonic transducer 10 may be made of a piezoelectric ceramic such as PZT, a piezoelectric single crystal
such as PMN-PT or a composite piezoelectric material as a composite of a material and a high molecular material.
[0136] Although not shown, a grounded electrode and a signal electrode are respectively arranged in front of, and
behind, the ultrasonic transducer 10 in the thickness direction. The shape change layer 29 is arranged in front of the
ultrasonic transducer 10 in the thickness direction so as to face the subject and has the function of changing the direction
of an ultrasonic beam.
[0137] While being transmitted through the shape change layer 29, the ultrasonic beam should have a different sonic
velocity from while being reflected and returning from the subject. By using such a difference in sonic velocity effectively,
the shape change layer 29 changes the direction of the ultrasonic beam.
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[0138] Furthermore, the shape change layer 29 of this preferred embodiment has a curved surface opposed to the
subject so as to converge the ultrasonic beam at an arbitrary depth in the subject. It will be described in further detail
what difference this feature makes.
[0139] If the ultrasonic beam 33 should go straight on and then be converged at an arbitrary depth as shown in FIG.
21(a), that surface of the shape change layer 29 that is opposed to the subject may have such a shape with a single
radius of curvature. The ultrasonic beam can be converged by turning the surface shape of the shape change layer 29
into either a concave shape or a convex one depending on the magnitude of the difference in sonic velocity between
the shape change layer 29 and the subject. For example, if the ultrasonic beam is transmitted at a lower sonic velocity
through the shape change layer 29 than the subject, the shape change layer 29 should have a convex surface in order
to converge the ultrasonic beam. Conversely, if the ultrasonic beam is transmitted at a higher sonic velocity through the
shape change layer 29 than the subject, the shape change layer 29 should have a concave surface.
[0140] On the other hand, if the ultrasonic beam 33 should have its traveling direction changed (into the one that
intersects at right angles with the array direction of the arrays 9B of transducers shown in FIGS. 20A through 20C in
this example) and be converged at an arbitrary depth as shown in FIGS. 21(b) and 21(c), then the curved surface of
the shape change layer 29 that is opposed to the subject may have such a shape, of which the radius of curvature varies
gradually from one position to another.
[0141] That surface of the shape change layer 29 that is opposed to the subject can be changed by dividing one of
the two electrodes (e.g., the electrode 32 in this example) of the shape change layer 29 into multiple pieces and by
controlling the voltages that are applied as electrical signals to those pieces of the electrode. In order to control the depth
of focus and traveling direction of the ultrasonic beam by changing the shape of the shape change layer 29 in this
manner, the shape should be changed with high accuracy. For that purpose, the number of pieces of the electrode 32
should be increased and the shapes of those pieces of the electrode 32 and the voltages applied to them should also
be controlled precisely.
[0142] This shape change layer 29 may be made of an ionic conductive high molecular polymer, a dielectric polymer,
a conductive polymer or any other high molecular material to be deformed with an electrical signal applied thereto.
[0143] The ionic conductive high molecular polymer is a polymer actuator including an ion exchange resin and two
electrodes that sandwich the resin between them. The polymer actuator has the function of deforming the high molecular
material by causing ions in the ion exchange resin to move with an applied voltage and swelling a portion of the material
to which the ions have moved. Examples of such polymer actuators include high molecular materials in which a functional
group such as a sulfonate group or a carboxyl group has been introduced into polyethylene, polystyrene, a or fluorine
resin and high molecular materials including a non-conductive high molecular material such as polyvinylchloride (PVC),
polymethylmethacrylate (PMMA) or polyurethane and an ionic substance.
[0144] On the other hand, if the dielectric polymer is sandwiched between two electrodes and if a voltage is applied
between the electrodes, the dielectric polymer is deformed by being compressed in the thickness direction and expanded
in the plane direction due to the electrostatic attraction produced between the electrode. Examples of such dielectric
polymers include silicone rubber, polyurethane and acrylic elastomer.
[0145] Furthermore, if electric terminals are extended from the conductive polymer and if a voltage is applied between
the electric terminals, then the conductive polymer between the electric terminals will shrink. On the other hand, if the
applied voltage is removed, then the conductive polymer recovers its original shape. As such a conductive polymer, a
polypyrrole resin may be used, for example.
[0146] These are just examples of materials that can be used in the present invention. Thus, any other polymer material
can also be used as long as it can be deformed with an electrical signal applied.
[0147] For example, if the ionic conductive high molecular polymer is used as a material for the shape change layer
29, the voltage applied between the electrodes 31 and 32 causes ions to move to a portion of the material and to swell
that portion, thereby deforming the high molecular material to varying degrees. That is why by changing the voltage to
apply between those electrodes 31 and 32, respective portions of the shape change layer 29 on those pieces of the
electrode 32 can be deformed to varying degrees. As a result, that surface of the shape change layer 29 that is opposed
to the subject can have its shape changed arbitrarily and the object can be scanned with an ultrasonic beam that has
traveled perpendicularly to the arrays 9A and 9B of transducers. Consequently, ultrasonic images in the short-axis
direction can be obtained.
[0148] In the preferred embodiment described above, the shape change layer is supposed to be arranged on one side
of the ultrasonic transducer 10 that faces the subject. Optionally, another shape change layer may be arranged either
between the ultrasonic transducer 10 and the back loading member or behind the back loading member. In that case,
the object may be scanned with an ultrasonic beam with the arrays 9B of transducers of the ultrasonic transducer 10
physically deformed by controlling the voltage applied to the shape change layer. Even so, the same effect can also be
achieved.



EP 2 514 365 A1

15

5

10

15

20

25

30

35

40

45

50

55

(EMBODIMENT 4)

[0149] In the first and second preferred embodiments of the present invention described above, multiple tomographic
images of the region of interest are captured by moving (i.e., swinging) a single array 9 of transducers to the right and
left as shown in FIGS. 2 and 3. Meanwhile, a fourth specific preferred embodiment of the present invention to be described
below is a method for measuring the IMT using a probe in which two more arrays 9C and 9E of transducers are arranged
on both sides of a single array 9D of transducers.
[0150] FIG. 22 is a block diagram illustrating the electrical configuration of an ultrasonic diagnostic apparatus 130 as
a fourth specific preferred embodiment of the present invention. The ultrasonic diagnostic apparatus 130 includes a
probe 1A, a controller 330, the monitor 4, and the foot switch 5. As shown in FIG. 22, the ultrasonic transmitting and
receiving section 11 is connected to the arrays 9C, 9D and 9E of transducers of the probe 1A.
[0151] In the ultrasonic diagnostic apparatus 130 shown in FIG. 22, any component also included in the ultrasonic
diagnostic apparatus 100 or 110 of the first or second preferred embodiment and having substantially the same function
as its counterpart is identified by the same reference numeral and its description will be omitted herein.
[0152] FIG. 23 illustrates the probe 1A for use in this preferred embodiment. As shown in FIG. 23, an array 9D of
transducers, another array 9C of transducers, and a third array 9E of transducers are arranged parallel to each other
inside the body case 7. By holding these three arrays of transducers, three tomographic images can be generated.
[0153] In the preferred embodiment to be described below, only the detection mode is supposed to be carried out
without performing the positioning mode by a user who is not a skilled person but can still put the probe at a right position
to render the subject’s carotid artery.
[0154] The relative position of the probe with respect to the three tomographic images representing the blood vessel,
which have been generated based on the echo signals received by the arrays 9C, 9D and 9E of transducers, is also as
shown in FIG. 11 as already described for the first preferred embodiment. By using the probe 1A of this preferred
embodiment, the tomographic images shown in FIGS. 12 to 15 can be obtained, for example. Thus, the IMT measuring
range setting section 18 estimates the smoothness of the media-adventitia and lumen-intima boundaries 4J and 4K and
the signal intensity around those boundaries and sets a range to detect the IMT value.
[0155] In FIG. 12, the media-adventitia and lumen-intima boundaries 4J and 4K are caught definitely in a right-hand-
side portion of FIG. 12(b), a central portion of FIG. 12(c) and a left-hand-side portion of FIG. 12(d). That is why such an
image will be an appropriate image for measuring the IMT. If the three images shown in FIGS. 12(b), 12(c) and 12(d)
are used in combination, the region between the media-adventitia and lumen-intima boundaries 4J and 4K can be
located with a predetermined length represented as a whole by overlapping the three images shown in FIGS. 12(b), 12
(c) and 12(d) with each other. As a result, the IMT value can be detected.
[0156] Also, in FIG. 14, the region between the media-adventitia and lumen-intima boundaries 4J and 4K can be
located easily in the entire image shown in FIG. 14(c) (i.e., from its left end through its right end), and therefore, the IMT
value can be detected.
[0157] Furthermore, in FIG. 15, the media-adventitia and lumen-intima boundaries 4J and 4K are caught definitely in
a left-hand-side portion of FIG. 15(b), a central portion of FIG. 15(c) and a right-hand-side portion of FIG. 15(d). Thus,
combining these three image portions shown in FIGS. 15(b), 15(c) and 15(d) with each other, the region between the
media-adventitia and lumen-intima boundaries 4J and 4K can be located as a whole and the IMT value can be detected.
[0158] On the other hand, in FIG. 13, neither the media-adventitia boundary 4J nor the lumen-intima boundary 4K is
caught clearly in FIG. 13(b) but the media-adventitia and lumen-intima boundaries 4J and 4K are caught clearly only in
a right-hand-side portion shown in FIG. 13(c) and in a central portion shown in FIG. 13(d). That is why even if those
image portions shown in FIGS. 13(b), 13(c) and 13(d) are combined with each other, the region between the media-
adventitia and lumen-intima boundaries 4J and 4K cannot be located and the IMT value cannot be detected as a result.
[0159] The IMT calculating section 20 calculates the IMT value based on such a principle of operation. And the
information thus obtained is displayed on the monitor 4.
[0160] If the probe of this preferred embodiment is used, there is no need to move (or swing) the array of transducers,
and therefore, the cost of the probe can be cut down. In addition, the thickness of the probe as measured in the short-
axis direction can also be reduced.
[0161] In the preferred embodiment described above, a probe in which three arrays of transducers are arranged
parallel to each other as shown in FIG. 24 is supposed to be used. Alternatively, more than three tomographic images
may be obtained and the IMT may be measured by using a probe 1B in which an even greater number of transducers
are arranged two-dimensionally.
[0162] According to this preferred embodiment, the IMT may also be measured based on the echo data that has not
been transformed into an image yet.
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(EMBODIMENT 5)

[0163] In the first and second preferred embodiments of the present invention described above, in the positioning
mode in which the probe 1 needs to be put at a right position with respect to the carotid artery 6, the single array 9 of
transducers is moved (or swung) to the right and left on its axis of rotation as shown in FIGS. 2 and 3, thereby obtaining
echo data representing short-axis tomographic images of the blood vessel. However, such echo data representing the
short-axis tomographic images can also be obtained by arranging some transducers perpendicularly to a single array
9F of transducers as shown in FIG. 25.
[0164] FIG. 26 is a block diagram illustrating the electrical configuration of an ultrasonic diagnostic apparatus 140 as
a fifth specific preferred embodiment of the present invention. The ultrasonic diagnostic apparatus 140 includes a probe
1C, a controller 340, the monitor 4, and the foot switch 5. As shown in FIG. 26, the ultrasonic transmitting and receiving
section 11 is connected to the array 9F of transducers of the probe 1C.
[0165] In the ultrasonic diagnostic apparatus 140 shown in FIG. 26, any component also included in the ultrasonic
diagnostic apparatus 100 or 110 of the first or second preferred embodiment and having substantially the same function
as its counterpart is identified by the same reference numeral and its description will be omitted herein.
[0166] According to this preferred embodiment, the transducers that are arranged perpendicularly to the array 9F of
transducers of the probe 1C receive signals from the short-axis cross sections L1, L2 and L3 shown in FIG. 6. Then,
the received signals are transformed into images by the ultrasonic transmitting and receiving section 11, the signal
processing section 16 and the image generating section 17, which are processed by the display synthesizing section
19 and then presented as short-axis tomographic images in the short-axis image display area 4B shown in FIG. 8. On
the other hand, the long-axis image to be displayed in the long-axis image display area 4A shown in FIG. 8 has been
generated by the ultrasonic transmitting and receiving section 11, the signal processing section 16 and the image
generating section 17 based on the signal received by the array 9F of transducers and displayed after having been
processed by the display synthesizing section 19.
[0167] Next, by taking advantage of the fact that the carotid artery 6 has an almost circular cross section, the vascular
center detecting section 21 locates the center axis of the blood vessel based on the short-axis tomographic images
generated by the image generating section 17 and then compares the center axis of the blood vessel to the blood vessel
centering guide line 4C shown in FIG. 8, thereby calculating the magnitude of shift between them. In the status shown
in FIG. 8, cross sections of two branches of the carotid artery 6 appear in the short-axis tomographic image S1 and the
center axis of the carotid artery 6 is aligned with the blood vessel centering guide line 4C that defines the centerline of
the short-axis tomographic images S2 and S3. Consequently, it can be said that the probe 1 is now arranged at a right
position for detection.
[0168] However, if the center axis of the blood vessel that has been detected by the vascular center detecting section
21 has shifted with respect to the blood vessel centering guide line 4C, then the blood vessel position analyzing section
22 checks the relative position of the probe 1C with respect to the carotid artery 6 by examining where the two branches
of the carotid artery are located on the short-axis tomographic image S1 and to which side of the blood vessel centering
guide line 4C the center axis of the blood vessel has shifted on the short-axis tomographic images S2 and S3. Then,
the probe guiding image generating section 23 generates the improperly tilted positioning image 4D shown in FIGS. 9
and 10. The improperly tilted positioning image 4D not only indicates how much the probe 1C is improperly tilted with
respect to the carotid artery 6 but also prompts the user to adjust the position of the probe 1C so that the probe 1C is
arranged exactly parallel to the carotid artery 6. Thus, the user scans the object with the probe 1C while monitoring the
improperly tilted positioning image 4D.
[0169] If the probe 1 has been put at a right position on the subject so that the center axis of the carotid artery 6 is
aligned with the blood vessel centering guide line 4C, then the control section 26 may sense that the positioning has
been done successfully. Alternatively, in response to a user’s notification that has been entered with an input device,
the end-diastolic phase detecting section 24A may detect the end of the diastolic phase. After that, the IMT calculating
section 20 carries out IMT measurement using the long-axis tomographic image that has been generated based on the
signal received from the array 9F of transducers.
[0170] If the probe of this preferred embodiment is used, there is no need to move (or swing) the array of transducers
and the number of transducers to use can be reduced. As a result, the cost of the probe can be cut down. In addition,
the thickness of the probe as measured in the short-axis direction can also be reduced.
[0171] Optionally, the probe of the preferred embodiment described above may be replaced with a so-called "matrix
probe" in which a number of transducers are arranged in at least three lines in the same direction so as to form a matrix
pattern as a whole.

INDUSTRIAL APPLICABILITY

[0172] According to the present invention, even if the probe has not been put in an exactly right position to face the



EP 2 514 365 A1

17

5

10

15

20

25

30

35

40

45

50

55

region of interest squarely, a detected value can also be obtained from that region of interest. As a result, even an
unskilled person can get the detection done reasonably accurately. For that reason, the ultrasonic diagnostic apparatus
obtained by carrying out the present invention accepts users with various levels of skills or experience and can be used
effectively as an apparatus with good operability.
[0173] The present invention can be used extensively to inspect the status of a subject’s carotid artery, for example.

REFERENCE SIGNS LIST

[0174]

1 probe
1A, 1B, 1C probe
2 cable
3 controller
4 monitor
5 foot switch
6 carotid artery
7 body case
7a grip portion
7b contact portion
7c probe origin marker
8 axis of swing
9, 9A, 9B, 9C, 9D, 9E, 9F array of transducers
10 ultrasonic transducer
11 ultrasonic transmitting and receiving section
12 transmission-reception control section
13 swinging section
14 swing control section
15 operation-mode management section
16 signal processing section
17 image generating section
18 IMT measuring range setting section
19 display synthesizing section
20 IMT calculating section
21 vascular center detecting section
22 blood vessel position analyzing section
23 probe guiding image generating section
24 end-diastolic phase detecting section
25 electrocardiogram checking section
26 control section
27 ROM
100, 110, 130, 140 ultrasonic diagnostic apparatus

Claims

1. An ultrasonic diagnostic apparatus comprising a controller, to which a probe and a monitor are connected, the probe
having an array of transducers, in which a number of transducers are arranged in a first direction,
wherein the controller controls transmission of an ultrasonic beam using the array of transducers of the probe and
reception of an echo signal, which is a wave of the ultrasonic beam that has been reflected from a region of interest,
generates image data based on the echo signal, gets echo signals received from multiple points of the region of
interest by either moving or swinging the array of transducers in a second direction that intersects with the first
direction at right angles, and if the sum of image data ranges of measured value retrievable portions of the region
of interest, which are included in tomographic images at the multiple points that have been synthesized based on
the echo signals, is equal to or greater than a predetermined value, calculates a detected value of the region of interest.

2. The ultrasonic diagnostic apparatus of claim 1, further comprising the probe to be connected to the controller, and
wherein the controller has a detection mode in which a status of the region of interest is detected, and in which the
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probe receives echo signals that are associated with multiple cross sections of the region of interest and if the sum
of the image data ranges of the measured value retrievable portions of the region of interest, which are included in
the multiple cross sections, is equal to or greater than a predetermined value, the controller calculates the detected
value of the region of interest.

3. The ultrasonic diagnostic apparatus of claim 2, further comprising the monitor which displays an image based on
the image data that has been generated by the controller.

4. The ultrasonic diagnostic apparatus of one of claims 1 to 3, wherein the controller has a positioning mode to be
carried out before the detection mode, and
wherein in the positioning mode, the controller generates not only image data representing the region of interest
based on the echo signal but also image data representing the tilted positioning which indicates how much the probe
is tilted with respect to the region of interest, and
wherein based on the image data detected, the monitor displays the image representing the region of interest and
the image representing the tilted positioning.

5. The ultrasonic diagnostic apparatus of claim 4, wherein the image representing the tilted positioning includes a
centerline representing the center axis of the region of interest to be detected by the probe and a probe symbol
indicating how much the probe is tilted with respect to the centerline.

6. The ultrasonic diagnostic apparatus of claim 5, wherein a probe origin marker has been set on the probe, and
wherein the probe symbol includes a probe origin that corresponds to the probe origin marker and that indicates a
position on the image representing the tilted positioning.

7. The ultrasonic diagnostic apparatus of claim 5 or 6, wherein on the image representing the tilted positioning, de-
tectable lines, indicating that the region of interest is detectable, are rendered on both sides of the centerline of the
region of interest.

8. The ultrasonic diagnostic apparatus of one of claims 2 to 7, wherein the probe has three arrays of transducers,
which are arranged in three parallel lines in the first direction.

9. The ultrasonic diagnostic apparatus of one of claims 2 to 7, wherein the probe includes a swinging section that
swings the array of transducers under the control of the controller.

10. The ultrasonic diagnostic apparatus of one of claims 2 to 7, wherein the probe includes ultrasonic transducers, which
are arranged in three or more lines at least in the first direction so as to form a matrix pattern as a whole.

11. The ultrasonic diagnostic apparatus of one of claims 4 to 7, wherein the swinging section swings the array of
transducers on the axis of swing in accordance with an instruction given by the controller so that the array defines
a predetermined swing angle with respect to the center of swing of the array of transducers, and
wherein the controller controls swinging so that the swing angle of the probe becomes greater in the positioning
mode than in the detection mode.

12. The ultrasonic diagnostic apparatus of claim 6, wherein the probe origin marker of the probe is set at an end of the
array of transducers.

13. The ultrasonic diagnostic apparatus of claim 3, wherein the controller has a positioning mode to be carried out before
the detection mode,
wherein in the positioning mode, the controller generates not only image data for positioning based on an echo
signal that has been obtained by sending an ultrasonic beam in the second direction with some of the transducers
in the array controlled but also first image data for detection of the region of interest based on an echo signal that
has been obtained by sending an ultrasonic beam in the second direction with the other transducers in the array
controlled,
wherein in the detection mode, the controller generates second image data for detection of the region of interest by
controlling all transducers in the array, and
wherein the monitor displays the image for detection based on the second image data for detection.

14. The ultrasonic diagnostic apparatus of claim 13, wherein those transducers, that are used in the array to generate
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the image for positioning, scan the body with an ultrasonic beam either mechanically or by deforming a material,
which is arranged on the array of transducers so as to face the body and be deformed with an applied voltage.

15. The ultrasonic diagnostic apparatus of claim 14, wherein the material deformed with the applied voltage is a con-
ductive high molecular material, an ionic conductive high molecular material or a dielectric elastomer.

16. The ultrasonic diagnostic apparatus of claim 13 or 14, wherein the monitor further renders a guideline for positioning
on the image for positioning.

17. The ultrasonic diagnostic apparatus of claim 13, wherein the array of transducers of the probe includes multiple
subsets of transducers, each said subset being used to generate the image for positioning, and
wherein the controller generates image data for positioning that is associated with either each said subset of trans-
ducers or only selected subsets of transducers, and
wherein the monitor displays the image for positioning based on each said image data for positioning.

18. A method of carrying out a measurement on a region of interest using an ultrasonic diagnostic apparatus, the method
comprising the steps of:

putting the probe of claim 1 on a body;
making the probe receive echo signals from multiple points in the region of interest;
checking a status of the region of interest in respective tomographic images that are associated with the multiple
points and that have been synthesized based on the echo signal; and
if the sum of image data ranges of measured value retrievable portions of the region of interest has turned out
to be equal to or greater than a predetermined value in the step of checking the status of the region of interest, then
calculating the detected value of the region of interest.

19. A method of displaying an image representing a region of interest using an ultrasonic diagnostic apparatus, the
method comprising the steps of:

putting the probe of the ultrasonic diagnostic apparatus of claim 11 on a body;
displaying, on the monitor, an image representing how much the probe is tilted with respect to the region of
interest of the body based on image data representing the tilted positioning;
adjusting the position of the probe based on an image representing the tilted positioning to be displayed on the
monitor either while the probe is being moved or after the probe has been moved; and
displaying the image of the region of interest on the monitor based on the image data of the region of interest.

20. The method of claim 19, wherein the step of putting includes putting the probe on a neck of the body, and
wherein the step of displaying the image of the region of interest includes displaying an image representing a carotid
artery.
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摘要(译)

本发明提供一种超声波诊断装置，即使不熟练的人也能够进行准确的检
测。超声诊断设备包括控制器，探针和监视器连接到该控制器，探针具
有换能器阵列，其中多个换能器沿第一方向布置。控制器使用探头的换
能器阵列控制超声波束的传输，并且接收回波信号，该回波信号是从感
兴趣区域反射的超声波束的波，基于回波信号产生图像数据，获得回波
信号通过在与第一方向成直角相交的第二方向上移动或摆动换能器阵
列，并且如果感兴趣区域的测量值可检索部分的图像数据范围的总和，
从感兴趣区域的多个点接收包括在基于回波信号合成的多个点处的断层
图像中，如果包括在等于或大于预定值的断层图像中，则计算感兴趣区
域的检测值。
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