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(57) ABSTRACT

An ultrasonic diagnostic apparatus includes a transmission
unit that transmits at least one ultrasonic pulse from a
surface of a skin of a subject toward a blood vessel (21)
thereof, a reception unit (3) that receives an ultrasonic echo
reflected by the blood vessel and converts the same into an
electric signal to obtain a signal of the ultrasonic echo along

(73) Assignee: MATSUSHITA ELECTRIC INDUS- depth direction from the surface of the skin, a movement
TRIAL CO., LTD., Kadoma-shi (IP) detection unit (5) that analyzes a phase of the ultrasonic echo
) signal in a direction traversing the blood vessel so as to
(21)  Appl. No.: 10/562,319 calculate a movement amount in each of a plurality of parts
_ included in a blood vessel wall constituting the blood vessel
(22) PCT Filed: Jun. 24, 2004 and a vicinity of the blood vessel wall, and a boundary
. detection unit (7) that detects a boundary position between
86) PCT No.: PCT/IP04/09260
(86) © the blood vessel wall and a blood flow region (22) in a lumen
§ 371(c)(1) of the blood vessel through which blood flows based on a
), (4) Dat,e: Dec. 23. 2005 variation in the calculated movement amount in each part.
’ ’ Instability occurring when a brightness signal in image data
(30) Foreign Application Priority Data is used can be eliminated, so that a state of a blood vessel,
such as an IMT value, can be measured correctly using
Jun. 25,2003 (JP) oo 2003-181696  ultrasonic waves.
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ULTRASONIC DIAGNOSTIC APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus that has a function of diagnosing a state of
blood vessels using ultrasonic waves.

BACKGROUND ART

[0002] JP 2000-271117 A discloses a method of detecting
a boundary of a blood vessel wall using ultrasonic waves.
According to this method, assuming that a blood vessel has
a normal structure, a displacement and a diameter of the
blood vessel, a thickness of a blood vessel wall and the like
can be measured based on a maximum peak value and a
second peak value of a brightness signal in image data
obtained based on ultrasonic waves reflected by the blood
vessel.

[0003] Further, Japanese Patent No. 2889568 describes a
method of detecting an IMT (Intima-Media Thickness: a
thickness from an inner membrane to a middle membrane)
value of a blood vessel wall (carotid artery) using ultrasonic
waves. According to this method, assuming that a blood
vessel has a normal structure, an IMT value of a blood vessel
wall (carotid artery) is measured based on a maximum peak
value and a second peak value of a brightness signal in
image data obtained based on ultrasonic waves reflected by
the blood vessel.

[0004] In the above-described conventional technologies,
however, since the brightness signal of image data is utilized
for analyzing a structure of the blood vessel wall as a target
of the measurement, if a brightness of an inner membrane of
the blood vessel wall as the target of the measurement is low,
there is a problem that the displacement and the diameter of
the blood vessel, the thickness of the blood vessel wall and
the like cannot be measured correctly. In addition, they are
based on the assumption that the structure of the blood
vessel wall as the target of the measurement has a normal
structure. Therefore, there is a problem that the displacement
of the blood vessel or the like cannot be measured correctly
if there is a local disease such as an atheroma in a blood
vessel as a target of the measurement.

[0005] Similarly, in the above-described conventional
technologies, the brightness signal of image data is utilized
for analyzing a structure of the blood vessel wall as a target
of the measurement of an IMT value. Therefore, there is a
problem that the IMT value of the blood vessel wall cannot
be measured correctly if a brightness of an inner membrane
of the blood vessel wall as the target of the measurement is
low.

DISCLOSURE OF INVENTION

[0006] Ttisan object of the present invention to provide an
ultrasonic diagnostic apparatus that is capable of measuring
a state of a blood vessel correctly using ultrasonic waves.

[0007] An ultrasonic diagnostic apparatus according to the
present invention includes: a transmission unit that transmits
at least one ultrasonic pulse from a skin surface of a subject
toward a blood vessel thereof; a reception unit that receives
an ultrasonic echo reflected by the blood vessel and converts
the same into an electric signal to obtain a signal of the
ultrasonic echo along a depth direction from the skin sur-
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face; a movement detection unit that analyzes a phase of the
ultrasonic echo signal in a direction traversing the blood
vessel so as to calculate a movement amount in each of a
plurality of parts included in a blood vessel wall constituting
the blood vessel and a vicinity of the blood vessel wall; and
a boundary detection unit that detects a boundary position
between the blood vessel wall and a blood flow region in a
lumen of the blood vessel through which blood flows based
on a variation in the calculated movement amount in each
part.

[0008] With this configuration, the boundary position
between the blood vessel wall and the blood flow region is
detected based on a variation in movement amount of the
blood vessel wall along the depth direction from the skin
surface. Thus, the boundary position can be detected accu-
rately without the influence of a variation in brightness value
of an inner membrane existing in the subject even in the case
where there is a local disease such as an atheroma in the
blood vessel.

[0009] Preferably, the above configuration further
includes a ROI (Region of Interest) placement unit that sets
placement of a ROI where the boundary position along the
depth direction from the skin surface is to be detected by the
boundary detection unit. The ROI placement unit may place
the ROI so0 as to lie over at least one of an anterior wall of
the blood vessel wall on a side closer to the transmission unit
and a posterior wall of the blood vessel wall on a side farther
from the transmission unit.

[0010] Preferably, the transmission unit transmits a plu-
rality of ultrasonic pulses toward a plurality of parts along a
longitudinal direction of the blood vessel, and the boundary
position detection unit detects the boundary position for
each of the plurality of parts along the longitudinal direction
of the blood vessel. With this configuration, a thickness
distribution can be obtained along the longitudinal direction
of the blood vessel.

[0011] Preferably, the above configuration further includes
a filter processing unit that performs filter processing of data
representing the boundary position along the longitudinal
direction of the blood vessel that is detected by the boundary
position detection unit. With this configuration, the influence
of noise mixing into boundary detection of the blood vessel
wall can be minimized.

[0012] Preferably, the above configuration further
includes a display unit that displays an image of the blood
vessel in cross section along the longitudinal direction of the
blood vessel based on the boundary position along the
longitudinal direction of the blood vessel that is detected by
the boundary position detection unit. With this configura-
tion, a cross section along the longitudinal direction of the
blood vessel can be recognized visually.

[0013] Preferably, the above configuration further
includes an average processing unit that performs average
processing of data representing the boundary position that is
detected by the boundary position detection unit based on
data representing a boundary position obtained a predeter-
mined number or more of measurement cycles before. With
this configuration, the stability of the measurement of
detecting the boundary position can be determined.

[0014] Preferably, the predetermined cycle includes a
heartbeat cycle of a blood flow that flows through the blood
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vessel. With this configuration, a range including an allow-
able error range added to a movement track in the immedi-
ately preceding cycle can be compared with a movement
track in the subsequent measurement cycle in synchroniza-
tion with the heartbeat cycle.

[0015] Preferably, the above configuration further
includes an average processing unit that performs average
processing of data representing the movement amount of the
blood vessel wall that is detected by the movement detection
unit based on data representing a movement amount
obtained a predetermined number or more of measurement
cycles before. With this configuration, the stability of the
measurement of detecting the movement amount of the
blood vessel wall can be determined.

[0016] Another ultrasonic diagnostic apparatus according
to the present invention includes: a transmission unit that
transmits at least one ultrasonic pulse from a skin surface of
a subject toward a blood vessel thereof; a reception unit that
receives an ultrasonic echo reflected by the blood vessel and
converts the same into an electric signal to obtain a signal of
the ultrasonic echo along a depth direction from the skin
surface; a movement detection unit that analyzes a phase of
the ultrasonic echo signal in a direction traversing the blood
vessel so as to calculate a movement amount in each of a
plurality of parts included in a blood vessel wall constituting
the blood vessel and a vicinity of the blood vessel wall; and
a boundary detection unit that detects a boundary position
between an inner membrane of the blood vessel and a blood
flow region in a lumen of the blood vessel through which
blood flows and a position of a middle membrane of the
blood vessel based on a variation in the calculated move-
ment amount in each part.

[0017] With this configuration, the boundary position
between the blood vessel wall and the blood flow region and
the position of the middle membrane can be detected cor-
rectly without the influence of a variation in brightness value
of an inner membrane existing in the subject even in the case
where there is a local disease such as an atheroma in the
blood vessel.

[0018] Preferably, the above configuration further
includes a ROI placement unit that sets placement of a ROI
where the boundary position between the inner membrane of
the blood vessel and the blood flow region and the position
of the middle membrane are to be detected along the depth
direction from the skin surface by the boundary detection
unit. The ROI placement unit may place the ROI so as to lie
over at least one of an anterior wall of the blood vessel wall
on a side closer to the transmission unit and a posterior wall
of the blood vessel wall on a side farther from the trans-
mission unit. With this configuration, the boundary position
of the inner membrane of the blood vessel and the blood
flow region and the position of the middle membrane can be
detected.

[0019] Preferably, the above configuration further
includes a calculation unit that measures a thickness from
the inner membrane to the middle membrane based on the
boundary position and the position of the middle membrane.
With this configuration, the boundary position of the inner
membrane of the blood vessel and the blood flow region and
the position of the middle membrane can be detected.

[0020] Preferably, the calculation unit measures the thick-
ness from the inner membrane to the middle membrane
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based on a variation over time in the boundary position and
a variation over time in the position of the middle membrane
in one heartbeat cycle. With this configuration, the thickness
from the inner membrane to the middle membrane can be
measured accurately.

[0021] Preferably, the calculation unit calculates at least
one of a maximum value, a minimum value and an average
value of the thickness in one heartbeat cycle. With this
configuration, the thickness from the inner membrane to the
middle membrane can be measured by a simple method.

[0022] Preferably, the transmission unit transmits a plu-
rality of the ultrasonic pulses toward a plurality of parts
along a longitudinal direction of the blood vessel, and the
calculation unit measures the thickness at each of the
plurality of parts. With this configuration, a thickness dis-
tribution can be obtained along the longitudinal direction of
the blood vessel.

[0023] Preferably, the above configuration further
includes a display unit that displays a part where a maximum
thickness is measured among the thicknesses measured at
the plurality of parts. With this configuration, a thickness
distribution along the longitudinal direction of the blood
vessel easily can be recognized visually.

[0024] Preferably, the above configuration further
includes an angle correction unit that performs angle cor-
rection with respect to a value of the thickness correspond-
ing to an angle formed between a measuring direction of the
thickness calculated by the calculation unit and a direction
perpendicular to the blood vessel wall. With this configu-
ration, a thickness of a blood vessel extending in a direction
tilted with respect to the skin surface can be measured
accurately.

[0025] Preferably, the above configuration further
includes a stability determination unit that determines the
stability of the thickness calculated by the calculation unit
by comparing the thickness calculated by the calculation
unit with a thickness obtained a predetermined number or
more of cycles before. With this configuration, a measurer
may be notified of the thus determined stability, whereby the
measuring time can be shortened.

[0026] Preferably, in the above configuration, the trans-
mission unit transmits a plurality of the ultrasonic pulses
toward a plurality of parts along a longitudinal direction of
the blood vessel, the calculation unit measures the thickness
at each of the plurality of parts, and the ultrasonic diagnostic
apparatus further includes a stability determination unit that
determines stability of the thickness calculated by the cal-
culation unit by comparing the thicknesses measured at the
plurality of parts one another. With this configuration, a
measurer may be notified of the thus determined stability,
whereby the measuring time can be shortened.

[0027] Preferably, the above configuration further
includes a unit that displays a value of the thickness calcu-
lated by the calculation unit on a monitor. With this con-
figuration, the calculated thickness value can be visually
recognized.

[0028] Preferably, the above configuration further
includes a unit that displays the boundary position and the
position of the middle membrane detected by the boundary
detection unit on a monitor. With this configuration, the
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boundary position with the blood flow region and the
position of the middle membrane can be recognized visually.

BRIEF DESCRIPTION OF DRAWINGS

[0029] FIG.1is a block diagram showing a configuration
of an ultrasonic diagnostic apparatus according to Embodi-
ment 1 of the present invention.

[0030] FIG. 2 is a schematic view for explaining an
operation of the ultrasonic diagnostic apparatus of FIG. 1.

[0031] FIG. 3 is a block diagram showing a configuration
of an ultrasonic diagnostic apparatus according to Embodi-
ment 2 of the present invention.

[0032] FIG. 4 is a schematic view for explaining an
operation of the ultrasonic diagnostic apparatus of FIG. 3.

[0033] FIG. 5 is a schematic view for explaining another
operation of the ultrasonic diagnostic apparatus of FIG. 3.

[0034] FIGS. 6A to 6C are cross-sectional schematic
views for explaining an operation of the ultrasonic diagnos-
tic apparatus according to Embodiment 3 of the present
invention.

[0035] FIG. 7 is a schematic view for explaining an
operation of an ultrasonic diagnostic apparatus according to
Embodiment 4 of the present invention.

[0036] FIG. 8 is a block diagram for explaining a con-
figuration of an ultrasonic diagnostic apparatus according to
Embodiment 5 of the present invention.

[0037] FIG. 9 is a schematic view for explaining an
operation of the ultrasonic diagnostic apparatus of FIG. 8.

[0038] FIG. 10 is a schematic view for explaining an
operation of the ultrasonic diagnostic apparatus of FIG. 8.

[0039] FIG. 11 is a block diagram showing a configuration
of an ultrasonic diagnostic apparatus according to Embodi-
ment 6 of the present invention.

[0040] FIG. 12is a block diagram showing a configuration
of an ultrasonic diagnostic apparatus according to Embodi-
ment 7 of the present invention.

[0041] FIG. 13 is a schematic view for explaining an
operation of the ultrasonic diagnostic apparatus of FIG. 12.

[0042] FIG. 14 is a block diagram showing a configuration
of an ultrasonic diagnostic apparatus according to Embodi-
ment 8§ of the present invention.

[0043] FIG. 15 is a schematic view for explaining an
operation of the ultrasonic diagnostic apparatus of FIG. 14.

[0044] FIG. 16 s a block diagram showing a configuration
of an ultrasonic diagnostic apparatus according to Embodi-
ment 9 of the present invention.

[0045] FIG. 17 is a schematic view for explaining an
operation of the ultrasonic diagnostic apparatus of FIG. 16.

DESCRIPTION OF THE INVENTION

[0046] The following describes embodiments of the
present invention, with reference to the drawings.

EMBODIMENT 1

[0047] FIG. 1 is a block diagram schematically showing a
configuration of an ultrasonic diagnostic apparatus accord-
ing to Embodiment 1 of the present invention. In FIG. 1, a
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B-mode image 20 received by this ultrasonic diagnostic
apparatus also is shown. A transmission unit 1 generates an
ultrasonic pulse and supplies it to an ultrasonic probe 2. The
ultrasonic probe 2 transmits the ultrasonic pulse supplied
from the transmission unit 1 from the skin surface of a living
body toward the inside thereof. The B-mode image 20 is an
image obtained when the ultrasonic pulse is transmitted
toward a blood vessel 21.

[0048] In this image, the blood vessel 21 extends in a
direction tilted with respect to the skin surface and is shown
by an anterior wall 234 and a posterior wall 235 that define
ablood flow region 22 that is the lumen through which blood
flows. The anterior wall 23a is a blood vessel wall on a side
closer to the ultrasonic probe 2, and the posterior wall 235
is a blood vessel wall on a side farther from the ultrasonic
probe 2. In this example, the blood vessel 21 has an
atheroma 24 as a local lesion that develops on an inner
surface of the posterior wall 235.

[0049] An ultrasonic echo reflected by the blood vessel 21
is converted into an electric signal by the ultrasonic probe 2,
and the obtained ultrasonic echo signal is imparted to a
movement detection unit 5 via a reception unit 3 and a delay
synthesis unit 4. The movement detection unit 5 detects a
movement amount in the respective parts along a depth
direction from the surface of the skin based on the received
ultrasonic echo signal. The detection of a movement amount
in each region by the movement detection unit 5 can be
carried out by a well-known method based on a phase
change of the ultrasonic echo signal, and therefore its
specific description will be omitted.

[0050] A ROI placement unit 6 sets the placement of a
ROI (Region of Interest) 25 in a tomographic image, in
which a boundary position along the depth direction from
the skin surface is to be detected. The set ROI 25 is supplied
to the movement detection unit 5. For the purpose of the
present embodiment, the ROI 25 is set so as to lie over at
least one of the anterior wall 23a and the posterior wall 234.

[0051] The movement amount detected by the movement
detection unit 5 is supplied to a boundary position detection
unit 7. The boundary position detection unit 7 segments the
interior of the ROI 25 in units of 50 um, for example, and
analyzes a state of movement (track) of each segmented
parts in each heartbeat as described below, thus detecting a
boundary position between the posterior wall 235 as a blood
vessel wall constituting the blood vessel 21 and the blood
flow region 22 in which blood flows through the blood
vessel 21. The boundary position detection unit 7 further
generates a two-dimensionally mapped color display image
showing a cross section of the blood vessel 21, and supplies
it to an image synthesis unit 8.

[0052] The ultrasonic echo signal that has passed through
the reception unit 3 and the delay synthesis unit 4 is imparted
also to a B-mode processing unit 9. The B-mode processing
unit 9 generates image information representing a cross
section of the blood vessel 21 based on the ultrasonic echo
signal, and supplies it to the image synthesis unit 8. The
image synthesis unit 8 synthesizes the image information
supplied from the B-mode processing unit 9 and the image
information supplied from the boundary position detection
unit 7, and displays the resultant on a monitor of a display
unit 10.

[0053] FIG. 2 is a schematic view for explaining an
operation of the ultrasonic diagnostic apparatus according to
the present embodiment. In FIG. 2, Portion (a) shows an



US 2007/0123777 Al

image that is the same as the B-mode image 20 shown in
FIG. 1. Portion (b) in FIG. 2 shows time-varying waveforms
28, each representing a movement amount in the depth
direction from the skin surface during a heartbeat cycle
based on an electrocardiograph (ECG) waveform 27. The
time-varying waveforms 28 are shown for the respective
parts in the ROI 25 within a scanning line 26 of the received
echo shown in Portion (a). Reference numeral 29 denotes a
variation over time in the respective parts of the blood flow
region 22, and reference numeral 30 denotes a variation over
time in the parts in a region of the posterior wall 234.
Reference numeral 31 denotes a boundary position. By
analyzing the moving state of the respective parts (track)
during one heartbeat in this way, the boundary position
between the blood flow region 22 through which blood flows
and the region of the posterior wall 236 can be detected as
follows.

[0054] 1In Portion (a) of FIG. 2, attention is given to point
R1, and point R2 on the scanning line 26 that shows the
course of the ultrasonic pulse. Point R1 is placed in the blood
flow region 22 dose to the boundary position between the
blood flow region 22 and the region of the posterior wall
23b. Point R2 is placed in the atheroma 24 on the posterior
wall 235 dose to the boundary position.

[0055] The moving state of the respective tissues at point
R1, point R2 and their peripheral parts in the ROI 25 is
detected as in the waveforms 28 representing a variation in
movement amount shown in Portion (b) of FIG. 2. As is
evident from the drawing, the waveform 29 in the blood flow
region 22 and the waveforms 30 in the region in the posterior
wall 236 have tracks with different features such that their
moving directions are opposite to each other. Thus, the
boundary position 31 can be determined by analyzing this.
In the present embodiment, for example, the midpoint of the
opposite tracks can be determined as the boundary position
31

[0056] As stated above, a variation in movement amount
of a blood vessel wall in the ROI 25 is detected, and the thus
obtained detected result is analyzed, whereby a boundary
position between a blood flow region and a blood vessel
region can be detected accurately and securely.

[0057] Further, when a variation in movement amount of
the respective parts in the blood vessel wall in the ROI 25
is detected, and a difference in movement amount (thickness
variation) between neighboring parts is analyzed from the
thus obtained detection result, a large thickness variation
will be obtained in a soft region, while a small thickness
variation will be obtained in a hard region. Thus, based on
this, the hardness values of the respective parts also can be
detected. A boundary position between a blood flow region
and a blood vessel region can be detected based on hardness
values of the respective parts as in the following embodi-
ment.

EMBODIMENT 2

[0058] FIG. 3 is a block diagram schematically showing a
configuration of an ultrasonic diagnostic apparatus accord-
ing to Embodiment 2 of the present invention. The same
reference numerals are assigned to elements common to
those of the ultrasonic diagnostic apparatus according to
Embodiment 1 shown in FIG. 1 so as to omit the duplication
of explanations.

[0059] In the present embodiment, a hardness value con-
version unit 11 is provided to which an output of the
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detection by a movement detection unit 5 is supplied. The
hardness value conversion unit 11 converts the movement
amounts detected by the movement detection unit 5 into a
hardness value distribution of tissues along the depth direc-
tion from the surface of the skin. An output of the hardness
value conversion unit 11 is supplied to a boundary position
detection unit 7a.

[0060] The boundary position detection unit 7a detects,
based on the hardness value distribution of tissues along the
depth direction, a boundary position between an anterior
wall 234 or a posterior wall 235 as a blood vessel wall and
a blood flow region 22. The boundary position detection unit
7a further generates a two-dimensionally mapped color
display image showing a cross section of a blood vessel 21,
and supplies it to an image synthesis unit 8. Herein, FIG. 3
illustrates a filter processing unit 12, an average processing
unit 13 and a stability determination unit 14 intervening
between the boundary position detection unit 7a and the
image synthesis unit 8. They are illustrated for explaining
the embodiment described later, and in the present embodi-
ment the output from the boundary position detection unit 7a
may be supplied directly to the image synthesis unit 8.

[0061] The image synthesis unit 8 synthesizes image
information supplied from a B-mode processing unit 9 and
image information supplied from the boundary position
detection unit 7a, and displays the resultant on a monitor of
a display unit 10.

[0062] FIG. 4 is a schematic view for explaining an
operation of the ultrasonic diagnostic apparatus according to
the present embodiment. Portion (a) of FIG. 4 shows an
image that is the same as the B-mode image 20 shown in
FIG. 3. Portions (b) and (¢) in FIG. 4 show waveforms.
Portion (b) shows the case where echo brightness, detected
based on an ultrasonic echo signal obtained by receiving an
ultrasonic echo reflected by the blood vessel 21, is utilized
for detecting a boundary position of the posterior wall 23
and the blood flow region 22. Portion (c) shows the case
where a boundary position is detected by utilizing hardness
values of tissues that are converted by the hardness value
conversion unit 11.

[0063] Attention is given to point R0, point R1 and point
R2 on a scanning line 26 that shows the course of an
ultrasonic pulse. Point R0 is placed in the blood flow region
22, point R1 is placed at a boundary position between the
posterior wall 235 and the blood flow region 22, and point
R2 is placed in an atheroma 24 on the posterior wall 235.

[0064] As shown by the waveform in Portion (b) of FIG.
4 that shows a relationship between the echo brightness and
the depth from the surface of the skin, the echo brightness
has a property of varying gently from point G0 correspond-
ing to the blood flow region 22 to point G2 corresponding to
the inside of the atheroma 24 via point G1 corresponding to
the boundary position between the posterior wall 235 and
the blood flow region 22. Further, depending on the com-
positions of contents making up the atheroma 24, uneven-
ness of the echo brightness may occur. For that reason, when
point G1 corresponding to the boundary position is to be
detected, there is a strong possibility that error occurs in the
direction from point G1 to point GO or the direction from G1
to point G2. Thus, when the measurement of a blood vessel
with the atheroma 24 is attempted, which requires detailed
diagnosis, it is difficult to detect the boundary position
between the blood vessel wall and the blood flow region
accurately.

[0065] In contrast, the use of hardness values of tissues
converted by the hardness value conversion unit 11 as in the
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present embodiment allows point E1, corresponding to point
R1 placed at the boundary position between the posterior
wall 235 and the blood flow region 22, to show a much
higher peak value than those of point E0 corresponding to
RO placed in the blood flow region 22 and point E2 corre-
sponding to point R2 placed in the atheroma 24, which is
free from the influence of the echo brightness as shown in
the waveform of Portion (¢) of FIG. 4. Thus, the boundary
position between the blood vessel wall and the blood flow
region can be detected accurately and securely.

[0066] As stated above, according to the present embodi-
ment, the boundary position detection unit 7a detects, based
on the distribution of hardness values of tissues along the
depth direction from the surface of the skin, point R1
indicating the boundary position between the blood vessel
wall constituting the blood vessel 21 and the blood flow
region. Therefore, the boundary position between the blood
vessel wall and the blood flow region can be detected
correctly without the influence of a variation in brightness
value of an inner membrane existing in the subject even in
the case where there is a local lesion such as an atheroma in
the blood vessel.

[0067] FIG. 5 is a schematic view for explaining another
operation of the ultrasonic diagnostic apparatus according to
the present embodiment. As shown in this drawing, a
plurality of ultrasonic pulses shown by a plurality of scan-
ning lines 32 may be applied in the longitudinal direction of
the blood vessel 21, and a boundary position may be
detected along the longitudinal direction of the blood vessel
21 by the boundary position detection unit 7a. With this
configuration, an image can be generated that does not
include information on the hardness of tissues of blood flow
components existing in the R1O 25 that are unnecessary for
diagnosis by deleting the information two-dimensionally.

EMBODIMENT 3

[0068] An ultrasonic diagnostic apparatus according to
Embodiment 3 of the present invention is further provided
with the filter processing unit 12 in addition to the configu-
ration of Embodiment 2, as shown in FIG. 3. The filter
processing unit 12 performs filter processing of data
detected by the boundary position detection unit 7a that
shows the boundary position along the longitudinal direction
of the blood vessel 21 as follows.

[0069] FIGS. 6A to 6C are schematic views for explaining
an operation of the ultrasonic diagnostic apparatus according
to the present embodiment. Frame (A) and frame (B) in FIG.
6A and FIG. 6B show the boundary detection results within
the ROI 25 obtained for each specific cycle such as a
heartbeat cycle, which are shown in the order of their
detected time.

[0070] Inthe actual site for diagnosis, there is a possibility
of the mixing of noise into tracking information on a
displacement of the movement of a blood vessel wall,
resulting from a plurality of factors such as the movement of
the subject and his/her respiratory state, as well as the fixed
state of the ultrasonic probe 2. As a result, noise would be
mixed in the boundary detection of the blood vessel wall
also, like noise 34 in frame (A) or noise 39 in frame (B). In
order to minimize the influence of such noise, the filter
processing unit 12 performs the filter processing of bound-
ary detection positions concerning mutually neighboring
plural positions as in the following expressions (1) and (2).
Herein, the boundary detection position at position f is
defined as K(f). The position f represents reference numbers

May 31, 2007

of the respective positions indicated in the waveforms of
FIGS. 6A to 6C.

K@AD)={K(33)+K(34)+K(35)}/3 (1)
K(42)={K(38)+K(39)+K(40)}/3 (3]
[0071] Further, in order to make a comparison with a result

obtained a predetermined number of cycles before, the filter
processing according to the following expressions (3) and
(4) may be performed, whereby a boundary detection image
as in the frame of FIG. 6C can be generated with a
minimized influence of noise:

K@D={KGH+K(3N}2 3)
K(42)={K(36)+K(39)}/2 ).
[0072] Herein, for the simplification of description, an

example using values at left and right adjacent points are
illustrated in the above, which is not a limiting example. For
instance, values at left and right two or more points each
may be used for the filter processing, from which similar
effects can be obtained.

[0073] Further, although the above example describes the
filter processing using the simple arithmetic mean, weight-
ing for the filter processing may be modified, the arithmetic
expressions may be modified, or a plurality of filtering
processes may be combined. Moreover, with respect to the
movement amounts of the amplitude displacement of the
blood vessel wall that is not subjected to the boundary
detection, various filtering processes may be applied, fol-
lowed by the boundary detection.

[0074] In this way, even in the case where noise is mixed
into tracking information on a displacement of the move-
ment of a blood vessel wall due to a plurality of factors such
as the movement of the subject, his/her respiratory state and
the fixed state of the ultrasonic probe, a boundary detection
image with a minimized influence of noise can be generated.

EMBODIMENT 4

[0075] An ultrasonic diagnostic apparatus according to
Embodiment 4 of the present invention further is provided
with the average processing unit 13 and the stability deter-
mination unit 14 in addition to the configuration of Embodi-
ment 2, as shown in FIG. 3. The average processing unit 13
performs average processing of data detected by the bound-
ary position detection unit 7a that shows the boundary
position based on data showing a boundary position
obtained a predetermined number or more of cycles before.
The stability determination unit 14 determines stability of
the measurement of detecting the boundary position between
the blood vessel wall and the blood flow region based on the
data subjected to the average processing by the average
processing unit 13.

[0076] FIG. 7 is a schematic view for explaining an
operation of the ultrasonic diagnostic apparatus according to
the present embodiment. When ideal measurement data can
be obtained in a constant state of the positional relationship
between the subject and the ultrasonic probe or in a stable
state of the subject by stopping his/her breathing, the blood
vessel wall has similar movements (time-varying wave-
forms of the movement amount of the blood vessel wall) in
heartbeats. According to the present invention, the stability
of the measurement of detecting the boundary position
between the blood vessel wall and the blood flow region is
determined by utilizing this.

[0077] Waveforms of Portions (b) to (d) in FIG. 7 show the
movement tracks of the blood vessel wall in the respective
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measurement cycles, each in synchronization with the heart-
beat cycle of the ECG waveform 27 shown in Portion (a) of
FIG. 7. For instance, an allowable range 44 shown in Portion
(b) including an allowable error 44a added to a movement
track 43 in the immediately preceding cycle is compared
with a movement track in a subsequent measurement cycle.
In the case where the entire movement track falls within the
allowable range 44 as in the movement track 45 of Portion
(c), the data is determined as stably measured data. In the
case where a deviation 47 outside the allowable range 44 is
present as in the movement track 46 shown in Portion (d),
it is determined as unstable measurement.

[0078] When a measurer is notified of such information
indicating stable measurement or unstable measurement in
real time, it becomes possible for the measurer to determine
during the measurement as to whether the current measure-
ment result is reliable or not. As a result, the measuring time
can be shortened.

[0079] Naturally, the determination concerning stable
measurement or unstable measurement may be made based
on a difference between the measurement result in the
present cycle and that in the immediately preceding cycle.
Further, the determination concerning stable measurement
or unstable measurement may be made based on the com-
parison with not only the immediately preceding cycle but
also stably measured movement tracks in a plurality of past
cycles.

[0080] Further, the threshold value (allowable error 44a)
for the determination concerning stable measurement or
unstable measurement may be changed. Moreover, regard-
ing the values determined from an echo brightness value that
1s unsuitable for boundary determination, such as a value of
pseudo boundary determination position, a value obtained in
the immediately preceding cycle and a value obtained in the
present cycle may be compared with each other. By com-
bining these plural functions of determining measuring
stability, the reliability of a measurement result can be
enhanced further.

[0081] In this way, by utilizing a similarity in movement
of the blood vessel wall among heartbeats when ideal
measurement data is obtained in a constant state of the
positional relationship between the subject and the ultra-
sonic probe or in a stable state of the subject by stopping
his/her breathing, the stability of the measurement of detect-
ing the boundary position between the blood vessel wall and
the blood flow region can be determined. When a measurer
is notified of such information in real time, it becomes
possible for the measurer to determine during the measure-
ment as to whether the current measurement result is reliable
or not. As a result, the measuring time can be shortened.

EMBODIMENT 5

[0082] FIG. 8 is a block diagram schematically showing a
configuration of an ultrasonic diagnostic apparatus accord-
ing to Embodiment 5 of the present invention. The present
embodiment enables the measurement of an IMT value of a
blood vessel value. The same reference numerals are
assigned to elements common to those of the ultrasonic
diagnostic apparatus according to the embodiment shown in
FIG. 1 or FIG. 3 and duplicate explanations are omitted.

[0083] Each of the blood vessel walls shown as an anterior
wall 23a and a posterior wall 235 includes an inner mem-
brane 50 that is formed on an inside of the blood vessel wall
and faces a blood flow region 22, an outer membrane 48
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formed on an outside of the blood vessel wall, and a middle
membrane 49 formed between the inner membrane 50 and
the outer membrane 48. FIG. 8 shows the state where an
atheroma 24 as a local lesion develops between the inner
membrane 50 and the middle membrane 49.

[0084] A boundary position detection unit 75 according to
the present embodiment detects a boundary position
between the inner membrane 50 of a blood vessel 21 and a
blood flow region 22 and a position of the middle membrane
49 based on hardness values of tissues along the depth
direction. The boundary position detection unit 75 further
generates a two-dimensionally mapped color display image
showing a cross section of the blood vessel 21, and supplies
it to an image synthesis unit 8.

[0085] The image synthesis unit 8 synthesizes image
information supplied from a B-mode processing unit 9 and
image information supplied from the boundary position
detection unit 75, and displays the resultant information on
a monitor of a display unit 10.

[0086] FIG. 9 is a schematic view for explaining an
operation of the ultrasonic diagnostic apparatus according to
the present embodiment. Portion (a) of. FIG. 9 shows an
image that is the same as the B-mode image 20 shown in
FIG. 8. Portion (b) shows a waveform of a variation in
hardness value of tissues that is used for detecting a bound-
ary position between the inner membrane 50 and the blood
flow region 22. The hardness value is converted by a
hardness value conversion unit 11 based on an ultrasonic
echo signal obtained by receiving an ultrasonic echo
reflected by the blood vessel 21. Portion (c) shows a
waveform of a variation in echo brightness in the case where
a boundary position is detected using a conventional echo
brightness.

[0087] Attention is given to point R1, point R2 and point
R3 on a scanning line 26 that shows the course of an
ultrasonic pulse. Point R1 is placed at a boundary position
between the inner membrane 50 and the blood flow region
22. Point R2 is placed in the atheroma 24 on the posterior
wall 23b. Point R3 is placed on the middle membrane 49. In
order to enable the measurement of an IMT value, assuming
that a blood vessel as a target of the measurement has a
normal blood vessel wall structure, a maximum peak value
and a second peak value of a signal for detecting the
boundary in image data should be determined.

[0088] As shown by the waveform of Portion (c) that
shows a relationship between the conventional echo bright-
ness and the depth from the surface of the skin, a small peak
value of the echo brightness can be detected at point G1
corresponding to the boundary position between the poste-
rior wall 235 and the blood flow region 22. However, since
a difference from the echo brightness at G2 corresponding to
the inside of the atheroma 24 is small, there is a strong
possibility that error occurs in the direction toward G3
corresponding to a position on the middle membrane 49.
Thus, when the measurement of a blood vessel with an
atheroma is attempted, which requires detailed diagnosis, it
is impossible to detect the maximum peak value and the
second peak value accurately.

[0089] In contrast, the use of hardness values of tissues
converted by the hardness value conversion unit 11 as in the
present embodiment allows point E1 corresponding to point
R1 at the boundary position between the posterior wall 235
and the blood flow region 22 to show a much higher peak
value than that of point E2 corresponding to R2 disposed in
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the atheroma 24, which is free from the influence of the echo
brightness as shown in the waveform of Portion (b) of FIG.
9. Thus, the maximum peak value at point E1 corresponding
to the boundary position between the blood vessel wall 103
and the blood flow region 22 and the second peak value at
point E3 corresponding to R3 indicating the position of the
middle membrane 49 can be detected accurately and
securely.

[0090] As stated above, according to the present embodi-
ment, the boundary position detection unit 76 detects, based
on the hardness values of tissues along the depth direction
from the surface of the skin, the boundary position between
the inner membrane 50 of the blood vessel 21 and the blood
flow region 22 and the position of the middle membrane 49
formed between the inner membrane 50 and the outer
membrane 48. Therefore, the boundary position between the
blood vessel wall and the blood flow region and the position
of the middle membrane 49 can be detected correctly
without the influence of a variation in brightness value of an
inner membrane existing in the subject even in the case
where there is a local lesion such as the atheroma 24 in the
blood vessel.

[0091] Similarly, when attention is given to points F4 and
E5 corresponding to points R4 and RS shown in Portion (a),
and points G4 and G5, a position deeper than the second
peak where the hardness value decreases can be detected as
the position of the outer membrane 48.

[0092] FIG. 10 is a waveform chart for explaining an
operation of the ultrasonic diagnostic apparatus according to
the present embodiment. Portion (a) shows a waveform of a
heartbeat cycle according to an ECG waveform 27. Portions
(b) to (d) show the state of IMT values varying during one
heartbeat cycle. For instance, when a track 51 in Portion (b)
showing the movement amount of the inner membrane 50 is
compared with a track 52 in Portion (c) showing the move-
ment amount of the middle membrane 49, each of the tracks
being in synchronization with one heartbeat cycle of the
ECG waveform 27, the movement amount shown by the
track 52 is smaller than the movement amount shown by the
track 51. This is because the hardness values of tissues from
the inner membrane 50 to the middle membrane 49 within
the range of the IMT value are small, which means that the
tissues are soft. Thus, in accordance with a variation in
pressure in the blood vessel due to heartbeat, the IMT value
decreases as the pressure increases as shown by a track 53
of Portion (d), which is obtained by subtracting the move-
ment amount of the middle membrane 49 shown by the track
52 from the movement amount of the inner membrane 50
shown by the track 51.

[0093] For instance, by observing a maximum peak posi-
tion and a second peak position at a reference time of
heartbeat such as a time corresponding to R wave, a varia-
tion amount of the IMT value during one heartbeat cycle and
a maximum value, a minimum value and an average value
of the IMT value also can be confirmed.

EMBODIMENT 6

[0094] FIG. 11 is a block diagram showing a configuration
of an ultrasonic diagnostic apparatus according to Embodi-
ment 6. The same reference numerals are assigned to ele-
ments common to those of the ultrasonic diagnostic appa-
ratus according to the embodiment shown in FIG. 8 and
duplicate explanations are omitted. This ultrasonic diagnos-
tic apparatus is provided with a ROI placement unit 6. The
ROI placement unit 6 places a ROI 25, which is for
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obtaining hardness values of tissues along the depth direc-
tion from the surface of the skin, so that the ROI 25 lies over
at least one of an anterior wall 23a and a posterior wall 235.
In an example of FIG. 11, the ROI 25 is placed so as to lie
over the posterior wall 235.

[0095] An operation of the thus configured ultrasonic
diagnostic apparatus will be described below. When the ROI
placement unit 6 places a ROI 25 so as to lie over the
posterior wall 235, an ultrasonic pulse is transmitted toward
tissues included in the ROI 25, and a boundary position
between an inner membrane 50 of a blood vessel 21 and a
blood flow region 22 and a position of a middle membrane
49 are detected in a similar manner to the above-described
Embodiment 5.

EMBODIMENT 7

[0096] FIG. 12 is a block diagram showing a configuration
of an ultrasonic diagnostic apparatus according to Embodi-
ment 7. The same reference numerals are assigned to ele-
ments common to those of the ultrasonic diagnostic appa-
ratus according to the embodiment shown in FIG. 11 and
duplicate explanations are omitted. This ultrasonic diagnos-
tic apparatus is provided with an IMT calculation unit 15.
The IMT calculation unit 15 measures a thickness IMT
(Intima-Media Thickness) from an inner membrane 50 to a
middle membrane 49 based on a variation over time at the
boundary position between the inner membrane 50 of the
blood vessel 21 and a blood flow region 22 and a variation
over time at the position of the middle membrane 49 in one
heartbeat cycle. The IMT calculation unit 15 calculates at
least one of a maximum value, a minimum value, and an
average value of the IMT value in one heartbeat cycle. Thus,
a distance between point E1 indicating the maximum peak
value and point E3 indicating the second peak value shown
in the above-mentioned FIG. 9B can be detected as the IMT
value.

[0097] FIG. 13 is a schematic view for explaining another
operation of the ultrasonic diagnostic apparatus according to
the present embodiment. As shown in FI1G. 13, the ultrasonic
diagnostic apparatus can be configured so that a plurality of
ultrasonic pulses shown by a plurality of scanning lines 54
are applied along the longitudinal direction of the blood
vessel 21, and a boundary position detection unit 75 detects
a plurality of IMT values existing in a ROI 25 concurrently
along the longitudinal direction of the blood vessel 21. In
general, the maximum IMT value often serves as a repre-
sentative value for the diagnosis, and the position where the
maximum IMT value is measured can be displayed on a
monitor of a display unit 10.

EMBODIMENT 8

[0098] FIG. 14 is a block diagram showing a configuration
of an ultrasonic diagnostic apparatus according to Embodi-
ment 8. The same reference numerals are assigned to ele-
ments common to those of the ultrasonic diagnostic appa-
ratus according to the embodiment shown in FIG. 12 and
duplicate explanations are omitted. This ultrasonic diagnos-
tic apparatus is provided with an angle correction unit 16.
The angle correction unit 16 performs angle correction with
respect to the IMT value calculated by the IMT calculation
unit 15 based on a difference in depth from the surface of the
skin among a plurality of points.

[0099] FIG. 15 is a schematic view for explaining an
operation of the ultrasonic diagnostic apparatus according to
the present embodiment. An ultrasonic probe 2 applies
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ultrasonic waves along three scanning lines 55A, 55B and
55C that are spaced along the longitudinal direction of a
blood vessel 21. A horizontal distance between the scanning
line 55A and the scanning line 55C is denoted with dL. A
distance between an intersection point Ba of the scanning
line. 55A and a middle membrane 49 and an intersection
point Be of the scanning line 55C and the middle membrane
49 is denoted with a difference dD. A distance 56 from the
inner membrane 50 to an intersection point Bb of the
scanning line 55B and the middle membrane 49 represents
an IMT(b) value before the angle correction, and a distance
57 represents an IMT{(a) value after the angle correction.

[0100] Using positional information of the middle mem-
brane 49 of the blood vessel wall that is obtained based on
the plurality of scanning lines 55A, 55B and 55C, angle
correction can be performed with respect to an IMT value.
For instance, angle correction can be performed with respect
to an IMT(b) value 56 at the intersection point Bb using the
following expression (5).

IMT(@)=IMT(b)xsin [arctan(dL/dD)] (3)

[0101] Naturally, the accuracy of the angle correction can
be enhanced further based on positional information of
intersection points Ta, Tb and Tc of a middle membrane 49
on the side closer to the surface of the skin and the scanning
lines 55A, 55B and 55C. Alternatively, angle correction may
be performed by determining a gradient using the midpoint
of the intersection point Ta and the intersection point Ba and
the midpoint of the intersection point Tc and the intersection
point Be.

EMBODIMENT 9

[0102] FIG. 161s a block diagram showing a configuration
of an ultrasonic diagnostic apparatus according to Embodi-
ment 9. The same reference numerals are assigned to ele-
ments common to those of the ultrasonic diagnostic appa-
ratus according to the embodiment shown in FIG. 14 and
duplicate explanations are omitted. This ultrasonic diagnos-
tic apparatus is provided with a stability determination unit
17. The stability determination unit 17 determines the sta-
bility of an IMT value calculated by the IMT calculation unit
15 by comparing the IMT value calculated by the IMT
calculation unit 15 with an IMT value obtained a predeter-
mined number or more of cycles before.

[0103] FIG. 17 is a schematic view for explaining an
operation of the ultrasonic diagnostic apparatus according to
the present embodiment. When ideal measurement data can
be obtained in a constant state of the positional relationship
between the subject and the ultrasonic probe or in a stable
state of the subject by stopping his/her breathing, the blood
vessel wall has similar movements in heartbeats. According
to the present invention, the stability of the measurement of
detecting an IMT value is determined by utilizing this.

[0104] Portions (b) to (d) of FIG. 17 show movement
tracks of the blood vessel wall in the respective measure-
ment cycles, each in synchronization with the heartbeat
cycle of the ECG waveform 27 shown in Portion (a) of FIG.
17. For instance, an allowable range 59 shown in Portion (b)
including an allowable error 59« added to a movement track
58 in the immediately preceding cycle is compared with a
movement track in a subsequent measurement cycle. In the
case where the entire movement frack falls within the
allowable range 59 as in the movement track 60 of Portion
(¢), the data is determined as stably measured data. In the
case where a deviation 62 outside the allowable range 59 is
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present as in the movement track 61 shown in Portion (d),
it i3 determined as unstable measurement.

[0105] When a measurer is notified of such information
indicating stable measurement or unstable measurement in
real time, it becomes possible for the measurer to determine
during the measurement as to whether the current measure-
ment result is reliable or not. As a result, the measuring time
can be shortened.

[0106] Alternatively, the determination concerning stable
measurement or unstable measurement may be made based
on a difference between the measurement result in the
present cycle and that in the immediately preceding cycle.
Further, the determination concerning stable measurement
or unstable measurement may be made based on the com-
parison with not only the immediately preceding cycle but
also stably measured movement tracks in a plurality of past
cycles.

[0107] Further, the threshold value (allowable error 59a)
for the determination concerning stable measurement or
unstable measurement may be changed. Moreover, regard-
ing values determined from an echo brightness value that is
unsuitable for boundary determination, such as a value of
pseudo boundary determination position, a value obtained in
the immediately preceding cycle and a value obtained in the
present cycle may be compared with each other. By com-
bining these plural functions of determining measuring
stability, the reliability of a measurement result can be
enhanced further.

INDUSTRIAL APPLICABILITY

[0108] According to the present invention, an ultrasonic
diagnostic apparatus capable of measuring a state of a blood
vessel correctly using ultrasonic waves can be provided.
Further, an ultrasonic diagnostic apparatus capable of mea-
suring an IMT value of a blood vessel wall correctly using
ultrasonic waves can be provided.

1. An ultrasonic diagnostic apparatus, comprising:

a transmission unit that transmits at least one ultrasonic
pulse from a skin surface of a subject toward a blood
vessel thereof;

a reception unit that receives an ultrasonic echo reflected
by the blood vessel and converts the same into an
electric signal to obtain a signal of the ultrasonic echo
along a depth direction from the skin surface;

a movement detection unit that analyzes a phase of the
ultrasonic echo signal in a direction traversing the
blood vessel so as to calculate a movement amount in
each of a plurality of parts included in a blood vessel
wall constituting the blood vessel and a vicinity of the
blood vessel wall; and

a boundary detection unit that detects a boundary position
between the blood vessel wall and a blood flow region
in a lumen of the blood vessel through which blood
flows based on a variation in the calculated movement
amount in each part.

2. The ultrasonic diagnostic apparatus according to claim

1, further comprising a ROI placement unit that sets place-
ment of a ROI where the boundary position along the depth
direction from the skin surface is to be detected by the
boundary detection unit,

wherein the ROI placement unit places the ROI so as to
lie over at least one of an anterior wall of the blood
vessel wall on a side closer to the transmission unit and
a posterior wall of the blood vessel wall on a side
farther from the transmission unit.
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3. The ultrasonic diagnostic apparatus according to claim
1

wherein the transmission unit transmits a plurality of
ultrasonic pulses toward a plurality of parts along a
longitudinal direction of the blood vessel, and

the boundary position detection unit detects the boundary
position for each of the plurality of parts along the
longitudinal direction of the blood vessel.

4. The ultrasonic diagnostic apparatus according to claim
3, further comprising a filter processing unit that performs
filter processing of data representing the boundary position
along the longitudinal direction of the blood vessel that is
detected by the boundary position detection unit.

5. The ultrasonic diagnostic apparatus according to claim
3, further comprising a display unit that displays an image
of the blood vessel in cross section along the longitudinal
direction of the blood vessel based on the boundary position
along the longitudinal direction of the blood vessel that is
detected by the boundary position detection unit.

6. The ultrasonic diagnostic apparatus according to claim
1, further comprising an average processing unit that per-
forms average processing of data representing the boundary
position that is detected by the boundary position detection
unit based on data representing a boundary position obtained
a predetermined number or more of measurement cycles
before.

7. The ultrasonic diagnostic apparatus according to claim
6, wherein the measurement cycles include a heartbeat cycle
of a blood flow that flows through the blood vessel.

8. The ultrasonic diagnostic apparatus according to claim
1, further comprising an average processing unit that per-
forms average processing of data representing the movement
amount of the blood vessel wall that is detected by the
movement detection unit based on data representing a move-
ment amount obtained a predetermined number or more of
measurement cycles before.

9. An ultrasonic diagnostic apparatus, comprising:

a transmission unit that transmits at least one ultrasonic
pulse from a skin surface of a subject toward a blood
vessel thereof;,

a reception unit that receives an ultrasonic echo reflected
by the blood vessel and converts the same into an
electric signal to obtain a signal of the ultrasonic echo
along a depth direction from the skin surface;

a movement detection unit that analyzes a phase of the
ultrasonic echo signal in a direction traversing the
blood vessel so as to calculate a movement amount in
each of a plurality of parts included in a blood vessel
wall constituting the blood vessel and a vicinity of the
blood vessel wall; and

a boundary detection unit that detects a boundary position
between an inner membrane of the blood vessel and a
blood flow region in a lumen of the blood vessel
through which blood flows and a position of a middle
membrane of the blood vessel based on a variation in
the calculated movement amount in each part.

10. The ultrasonic diagnostic apparatus according to
claim 9, further comprising a ROI placement unit that sets
placement of a ROI where the boundary position between
the inner membrane of the blood vessel and the blood flow
region and the position of the middle membrane are to be
detected along the depth direction from the skin surface by
the boundary detection unit,
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wherein the ROI placement unit places the ROI so as to
lie over at least one of an anterior wall of the blood
vessel wall on a side closer to the transmission unit and
a posterior wall of the blood vessel wall on a side
farther from the transmission unit.

11. The ultrasonic diagnostic apparatus according to claim
9, further comprising a calculation unit that measures a
thickness from the inner membrane to the middle membrane
based on the boundary position and the position of the
middle membrane.

12. The ultrasonic diagnostic apparatus according to
claim 11, wherein the calculation unit measures the thick-
ness from the inner membrane to the middle membrane
based on a variation over time in the boundary position and
a variation over time in the position of the middle membrane
in one heartbeat cycle.

13. The ultrasonic diagnostic apparatus according to
claim 12, wherein the calculation unit calculates at least one
of a maximum value, a minimum value and an average value
of the thickness in one heartbeat cycle.

14. The ultrasonic diagnostic apparatus according to
claim 11, wherein the transmission unit transmits the plu-
rality of the ultrasonic pulses toward the plurality of parts
along the longitudinal direction of the blood vessel, and

the calculation unit measures the thickness at each of the

plurality of parts.

15. The ultrasonic diagnostic apparatus according to
claim 11, further comprising a display unit that displays a
part where a maximum thickness is measured among the
thicknesses measured at the plurality of parts.

16. The ultrasonic diagnostic apparatus according to
claim 9, further comprising an angle correction unit that
performs angle correction with respect to a value of the
thickness cotresponding to an angle formed between a
measuring direction of the thickness calculated by the cal-
culation unit and a direction perpendicular to the blood
vessel wall.

17. The ultrasonic diagnostic apparatus according to
claim 9, further comprising a stability determination unit
that determines stability of the thickness calculated by the
calculation unit by comparing the thickness calculated by
the calculation unit with a thickness obtained a predeter-
mined number or more of cycles before.

18. The ultrasonic diagnostic apparatus according to
claim 9,

wherein the transmission unit transmits a plurality of the
ultrasonic pulses toward a plurality of parts along a
longitudinal direction of the blood vessel,

the calculation unit measures the thickness at each of the
plurality of parts, and

the ultrasonic diagnostic apparatus further comprises a
stability determination unit that determines stability of
the thickness calculated by the calculation unit by
comparing the thicknesses measured at the plurality of
parts with each other.

19. The ultrasonic diagnostic apparatus according to
claim 11, further comprising a unit that displays a value of
the thickness calculated by the calculation unit on a monitor.

20. The ultrasonic diagnostic apparatus according to
claim 9, further comprising a unit that displays the boundary
position and the position of the middle membrane detected
by the boundary detection unit on a monitor.
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