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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to an ultrasonic
diagnostic apparatus according to the preamble of claim
1. Such apparatus has a function of measuring intima
media thickness (IMT) of a blood vessel based on recep-
tion signals obtained by transmitting ultrasonic waves to
an object to be inspected and receiving ultrasonic waves
from the object. Further, the present invention relates to
an IMT measurement method and an IMF measurement
program to be used when such IMT measurementis per-
formed.

Description of a Related Art

[0002] Recent years, intima media thickness has at-
tracted attention as an indicator for determination of ar-
teriosclerosis. Referring to Fig. 9, an arterial wall has a
three-layer structure including an intima 901, a media
902, and an adventitia 903. IMT refers to a thickness of
the intima 901 and the media 902 of them, i.e., a length
from a boundary between a vascular lumen 900 and the
intima 901 to a boundary between the media 902 and
the adventitia 903. From recent research, it has been
found that the intima media thickness increases and a
plaque is formed as arteriosclerosis progresses. Here,
the plaque is a part where a vessel wallis raised inwardly.
Tissues of the plaque may be various tissues such as
blood clot or fatty or fibrous tissues, and cause carotid
artery stenosis, cerebral infarction, cerebral ischemia,
and so on.

[0003] Figs. 10 and 11 are schematic diagrams show-
ing part of a carotid artery. As shown in Figs. 10 and 11,
the blood pumped from the heartis introduced into acom-
mon carotid artery (CCA) 911, and divided into an exter-
nal carotid artery (ECA) 912 that connects to an artery
of the face and an internal carotid artery (ICA) 913 that
connects to an artery of the brain.

[0004] The above-explained IMT is measured by ultra-
sonic examination (carotid artery ultrasonic examina-
tion). That is, an ultrasonic probe including an ultrasonic
transducer array, in which plural ultrasonic transducers
are arranged, is brought into contact with the cervical
part of an object to be inspected (a patient) to transmit
ultrasonic waves. Here, the reason the IMT is measured
in the carotid artery is that the carotid artery is a favorite
site of arteriosclerosis. In this regard, the plural ultrasonic
transducers are sequentially driven and an ultrasonic
beam is formed by synchronization of plural ultrasonic
waves, and thereby, the object is electronically scanned.
Thus transmitted ultrasonic waves are reflected on the
surface of a structure within the object (a boundary be-
tween different tissues), and resulting ultrasonic echoes
are received by the ultrasonic probe and reception sig-
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nals are generated. Those reception signals are proc-
essed in an ultrasonic diagnostic apparatus main body
connected to the ultrasonic probe, and thereby, an ultra-
sonic image is generated. Further, an examiner (an op-
erator such as a doctor) measures the vessel wall by
using a vernier caliper or the like in the ultrasonic image
generated as described above, and therefore, the IMT is
obtained. Furthermore, the level of arteriosclerosis is
measured based on the IMT, and the vessel status
throughout the body including the heart and the brain is
estimated based on the result.

[0005] However, according to the measurement meth-
od, there are problems that the measurement requires
long time and the measurement accuracy largely varies
depending on the levels of skill of examiners. In order to
actively utilize IMT in mass checkup or the like, efficient
IMT measurement requiring short time and providing
measurement results that vary little depending on exam-
iners is desired.

[0006] As a related technology, Hiroyuki TOIDE,
"PROPER ULTRASONIC EXAMINATION OF BLOOD
VESSELS", Ultrasonic examination technique, Vol. 31,
No. 2 (2006), pp. 80 discloses precautions and points for
ultrasonic examination of blood vessels. For example, in
carotid artery ultrasonic examination, the vessel diame-
ter, maxIMT and meanIMT are measured. Here, a plaque
915 is likely formed in a region where the direction of
blood flow changes like in the vicinity of the entrance of
common carotid artery or the vicinity of vascularbifurca-
tion (BIF) 914. Accordingly, asshowninFig. 10, the max-
IMT is measured at two positions of the common carotid
artery 911 and a region (BIF to ICA) from the bulbous
part (vascular bifurcation (BIF) 914) to the internal carotid
artery 913. Further, as shown in Fig. 11, meanIMT is
obtained by measuring maxIMT and two IMTs at posi-
tions "a" and "c" on both sides at 1cm from it, and calcu-
lating an average value of the three points as follows:
{maxIMT + IMT (a) + IMT (c) }/3.

[0007] Japanese Patent Application Publication
JP-A-11-318896 discloses an intima media thickness
measurement apparatus including an ultrasonic unit that
outputs data ofimages imaged by using ultrasonic waves
as digital data, a data transmission unit that transmits the
digital output of the ultrasonic unit by using optical cou-
pling, and a data analysis unit that calculates the intima
media thickness of a blood vessel based on the image
data of the blood vessel transmitted by the data trans-
mission unit, and the data analysis unit calculates a ref-
erence position based on a moving average value of in-
tensity values of the digital image data and calculates
the intima media thickness of the blood vessel based on
the local maximum value and the local minimum value
of the intensity values within apredeterminedpixel range
from the reference position toward the vessel wall of the
blood vessel.

[0008] In JP-A-11-318896, the IMT value is automati-
cally calculated by searching for peak values of intensity.
Here, the intensity representing the intima side boundary
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(the boundary between the vascular lumen and the inti-
ma) is not so high and it may be difficult to detect the
boundary, and accordingly, regression curve correction
is performed in JP-A-11-318896. Alternatively, an aver-
age value of detected points may be used. However, ac-
cording to the method, when there are many points that
cannot be detected, the accuracy in IMT measurement
is reduced and the true value is impossible to be obtained
when maxIMT is calculated.

[0009] Alternatively, simply searching for the boundary
based on the peak values of intensity may cause detec-
tion errors when the noise is great. For example, as
shown in Fig. 12, in the case where plural relatively large
peaks (1)-(3) are observed in intensity data, although the
maximum peak (3) is actually the adventitia side bound-
ary (the boundary between the media and the adventitia)
of IMT and the adjacent peak (2) is the intima side bound-
ary, thefirst peak (1) is detected as the intima side bound-
ary and the next peak (2) is detected as the adventitia
side boundary when the boundary search is started from
the base position. Thus, diagnoses utilizing maxIMT will
be largely affected.

[0010] Japanese Patent Application Publication
JP-P2004-357892A discloses an ultrasonic diagnostic
apparatus that displays an image within a body of an
examinee based on reflected ultrasonic waves acquired
from within the body by using an ultrasonic probe and
performs measurement of intima media thickness of a
blood vessel. The ultrasonic diagnostic apparatus in-
cludes (a) measurement region setting means for setting
aregion as an object to be measured within the displayed
image, (b) vessel wall detecting means for detecting ves-
selwall existingin one or plural positions within the meas-
urement region, and (c) IMT measurement means for
performing measurement of intima media thickness with
respect to each of the detected vessel walls. The vessel
wall detecting means detects positions where intensity
values of pixels suddenly change, and then, determines
the position of the vessel wall based on the distance be-
tween adjacent intensity value sudden change positions.
The IMT measurement means determines the intima me-
dia thickness with respect to each vessel wall based on
the distance between adjacent intensity value sudden
change positions that belong to the same vessel wall.
[0011] Here, in a measurement line that passes
through one vessel wall, intensity value sudden change
positions are observed at two positions of the vascular
lumen side boundary and the adventitia side boundary
of the intima media thickness. Accordingly, in JP-
P2004-357892A, in the case where three or more inten-
sity value sudden change positions are detected in a cer-
tain measurement line, whether or not those intensity val-
ue sudden change positions belong to the same vessel
wall is determined based on the distances between the
positions (paragraph 0016). However, since a vessel wall
has continuity in the azimuth direction, it is not rational
that the vessel wall status is determined based on the
intensity change in the distance (depth) direction.
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[0012] An ultrasonic diagnostic apparatus method and
program according to the preambles of claims 1, 10 and
16 are known from Hoeks A P et al: "Automated detection
of local artery wall thickness based on M-line signal
processing." ULTRASOUND IN MEDICINE & BIOLOGY
1997 LNKD-PUBMED: 9330445, VOL. 23, NO. 7, 1997,
PAGES 1017 - 1023, ISSN: 0301 - 5629. According to
this reference, the boundary detecting means for detect-
ing to boundaries representing intima media of a blood
vessel make use of the derivative of the mean amplitude
distribution with respect to depth, in order to distinguish
wall signals form a background.

SUMMARY OF THE INVENTION

[0013] The present invention has been achieved in
view of the above-mentioned problems. Apurpose of the
present invention is to provide an ultrasonic diagnostic
apparatus by which highly quantitative IMT measure-
ment with little variations depending on examiners can
be performed. Further, another purpose of the present
invention is to provide an IMT measurement method and
an IMT measurement program to be used for the IMT
measurement in the ultrasonic diagnostic apparatus.
[0014] In order to accomplish the above-mentioned
purposes, an ultrasonic diagnostic apparatus according
to one aspect of the present invention includes the fea-
tures of claim 1.

[0015] Further, an IMT (intima media thickness) meas-
urement method according to one aspect of the present
invention is a method having the features of claim 10.
[0016] Furthermore, an IMT (intimamedia thickness)
measurement program according to one aspect of the
present invention is a program having the features of
claim 16.

[0017] According to the present invention, the bound-
aries are detected by focusing attention on change (dif-
ference or differential) and amounts of change in intensity
of pixels forming an ultrasonicimage, and therefore, high-
ly quantitative IMTmeasurement with little variations de-
pending on examiners can be performed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

Fig. 1 is a block diagram showing a configuration of
an ultrasonic diagnostic apparatus according to one
embodiment of the present invention;

Fig. 2 is a schematic diagram showing intensity data
representing a region including a section of a vessel
wall;

Fig. 3 is a flowchart showing a boundary detection
operation and an IMT measurement operation in the
ultrasonic diagnostic apparatus shown in Fig. 1;
Figs. 4A-4E are diagrams for explanation of the
boundary detection operation;

Fig. 5 is a diagram for explanation of the IMT meas-
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urement operation;

Fig. 6 shows an image in which intima media is dis-
played in superposition on a B-mode image;

Fig. 7 is a flowchart showing a correction operation
in the ultrasonic diagnostic apparatus shown in Fig.
1;

Figs. 8A and 8B are diagrams for explanation of the
correction operation;

Fig. 9 is a diagram for explanation of an artery struc-
ture;

Fig. 10 shows a carotid artery shape and a meas-
urement position of maxIMT;

Fig. 11 shows mean carotid artery shape and a
measurement position of meanIMT; and

Fig. 12 is a diagram for explanation of a boundary
detection error.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] Hereinafter, a preferred embodiment of the
presentinvention will be explained in detail with reference
to the drawings. The same reference numbers are as-
signed to the same component elements and the descrip-
tion thereof will be omitted.

[0020] Fig. 1 is ablock diagram showing an ultrasonic
diagnostic apparatus according to one embodiment of
the present invention. The ultrasonic diagnostic appara-
tus includes an ultrasonic probe 100 for transmitting and
receiving ultrasonic waves, and an ultrasonic diagnostic
apparatus main body 200 for controlling transmission and
reception of ultrasonic waves and generating an ultra-
sonic image based on acquired reception signals. The
ultrasonic diagnostic apparatus main body 200 has a
function of measuring intima media thickness (IMT) of an
artery. Both of them are connected to each other by a
cable. Further, such an ultrasonic diagnostic apparatus
may be connected to a report system 300 or printer 400
via a network NW such as a LAN (local area network) or
the like.

[0021] The ultrasonic probe 100 is a probe of convex
type, linear scan type, or sector scan type to be used in
contact with an object to be inspected. The ultrasonic
probe 100 includes plural ultrasonic transducers 10 that
form one-dimensional or two-dimensional transducer ar-
ray. These ultrasonic transducers 10 transmit an ultra-
sonic beam to the object according to applied drive sig-
nals, and receive ultrasonic echoes reflected from the
object to output reception signals.

[0022] Each ultrasonic transducer is constituted from
a vibrator in which electrodes are formed on both ends
of a material having a piezoelectric property (piezoelec-
tric material) such as a piezoelectric ceramic represented
by PZT (Pb (lead) zirconate titanate), a polymeric piezo-
electric element represented by PVDF (polyvinylidene
difluoride), or the like. When a pulsed or continuous wave
voltage is applied to the electrodes of the vibrator, the
piezoelectric material expands and contracts. By the ex-
pansion and contraction, pulsed or continuous wave ul-
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trasonic waves are generated from the respective vibra-
tors, and an ultrasonic beam is formed by synthesizing
these ultrasonic waves. Further, the respective vibrators
expand and contract by receiving propagating ultrasonic
waves to generate electric signals. These electric signals
are outputted as reception signals of the ultrasonic
waves.

[0023] Alternatively, as the ultrasonic transducers, plu-
ral kinds of elements of different ultrasonic conversion
types may be used. For example, the above-mentioned
vibrators are used as elements for transmitting ultrasonic
waves and photo-detection type ultrasonic transducers
are used as elements for receiving ultrasonic waves. The
photo-detection type ultrasonic transducer is for detect-
ing ultrasonic signals by converting the ultrasonic signals
into optical signals, and constituted from a Fabry-Perot
resonator or fiber Bragg grating, for example.

[0024] The ultrasonic diagnostic apparatus main body
200 includes a control unit 21 that controls operation of
the entire ultrasonic diagnostic apparatus, a console 22,
a storage unit 23, a scan control unit 24, a transmitting
and receiving unit including a transmission circuit 25, a
reception circuit 26, and an A/D converter 27, a signal
processing unit 28, a cine-memory 29, a B-mode image
data generating unit 30, an IMT measurement unit 31, a
DSC (digital scan converter) 32, a D/A converter 33, a
display unit 34, and an external interface 35.

[0025] The console 22 is an input device to be used
by an examiner (operator) when various commands and
information are inputted to the ultrasonic diagnostic ap-
paratus main body 200. The console 22 includes char-
acter input keys (a keyboard) to be used when patient
information and so on are inputted, a track ball to be used
when a region is designated on a screen, and various
input buttons. Further, the console 22 includes a freeze
button for switching between the live mode (moving im-
age) and freeze mode (still image) with respect to the
ultrasonic image being displayed on the screen, and a
freeze signal and a freeze release signal are alternately
inputted at each time when the freeze button is pushed
down.

[0026] The storage unit 23 is constituted from a hard
disk, memory, or the like, and stores programs (software)
to be used for activating a CPU included in the ultrasonic
diagnostic apparatus main body 200 to execute various
kinds of processing, information to be used for the
processing, and so on.

[0027] The scan control unit 24 sequentially sets trans-
mission directions of ultrasonic beams or reception di-
rections of ultrasonic echoes under the control of the con-
trol unit 21, and has a transmission control function of
selecting transmission delay patterns according to the
set transmission directions and a reception control func-
tion of selecting reception delay patterns according to
the set reception directions.

[0028] Here, the transmission delay pattern refers to a
delay time pattern to be provided to the drive signals for
forming an ultrasonic beam in adesired direction by using
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the ultrasonic waves transmitted from the plural ultrason-
ic transducers 10, and the reception delay pattern refers
to a delay time pattern to be provided to the reception
signals for extracting ultrasonic echoes from a desired
direction by using the ultrasonic waves received by the
plural ultrasonic transducers. Plural transmission delay
patterns and plural reception delay patterns are stored
in a memory or the like.

[0029] The transmission circuit 25 generates plural
drive signals to be respectively applied to the plural ul-
trasonic transducers 10. At that time, the transmission
circuit 25 provides respective delay times to the plural
drive signals based on the transmission delay pattern
selected by the scan control unit 24. Here, the transmis-
sion circuit 25 may adjust the amounts of delay of the
plural drive signals and supply the signals to the ultra-
sonicprobe 100 such that the ultrasonic waves to be
transmitted fromthe plural ultrasonic transducers 10 form
an ultrasonic beam, or may supply plural drive signals to
the ultrasonic probe 100 such that the ultrasonic waves
to be transmitted at once from the plural ultrasonic trans-
ducers 10 reach the entire imaging region of the object.
[0030] The reception circuit 26 amplifies the reception
signals respectively outputted from the plural ultrasonic
transducers 10, and the A/D converter 27 converts the
analog reception signals amplified by the reception circuit
26 into digital reception signals (also referred to as "RF
data" in this application). The RF data outputted from the
A/D converter 27 is inputted to the signal processing unit
28. The signal processing unit 28 performs reception fo-
cus processing by providing the respective delay times
to the plural reception signals represented by the RF data
based on the reception delay pattern selected by the scan
control unit 24 , and adding those reception signals to
one another. Through the reception focus processing,
sound ray data, in which the focal point of the ultrasonic
echoes is narrowed, is formed.

[0031] Furthermore, the signal processing unit 28 cor-
rects the sound ray data for attenuation due to distance
according to the depths of the reflection positions of ul-
trasonic waves through STC (sensitivity time gain con-
trol), and then, performs envelope detection processing
with a low-pass filter or the like thereon to generate en-
velope data. The value of the envelope data corresponds
to intensity of reflection of ultrasonic waves in the object,
and also corresponds to an intensity value of a pixel on
a sound ray in an ultrasonic image. As below, the enve-
lope data is also referred to as intensity data.

[0032] A series of envelope data (intensity data) gen-
erated by the signal processing unit 28 are sequentially
stored in the cine-memory 29 and supplied to the B-mode
image data generating unit 30 . The cine-memory 29 has
a memory capacity for storing the envelope data for at
least one frame, more preferably for plural frames. The
B-mode image data generating unit 30 performs pre-
process processing such as Log (logarithmic) compres-
sion and gain adjustment on the envelope data to gen-
erate B-mode image data, and outputs the generated B-
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mode image data to the DSC 32.

[0033] TheIMT measurementunit 31 has an envelope
memory 40, a boundary detecting part 41, an ROI setting
part42, a search range setting part 43, a threshold value
setting part 44, an error detecting part 45, an IMT calcu-
lating part 46, and an IMT display processing part 47,
and measures IMT based on the envelope data (intensity
data).

[0034] Inthe embodiment, the IMT measurement unit
31 (the respective parts except for the envelope memory
40) is constituted from a central processing unit (CPU)
and software (an IMT measurement program) for acti-
vating the CPU to perform various kinds of processing.
However, they may be constituted from digital circuits or
analog circuits. Further, the control unit 21, the scan con-
trol unit 24, the signal processing unit 28, the B-mode
image data generating unit 30, and the DSC 32 are also
constituted from a CPU and software. However, the sig-
nal processing unit 28, the B-mode image data generat-
ing unit 30 , and the DSC 32 maybe constituted from
digital circuits or analog circuits. The above-mentioned
software is stored in the storage unit 23. Further, the
transmission delay patterns and reception delay patterns
to be selected by the scan control unit 24 may be stored
in the storage unit 23.

[0035] The DSC 32 converts (raster-converts) the
B-mode image data generated by the B-mode image data
generating unit 30 into ultrasonic image data that follows
the normal scan system of television signals, and per-
forms necessary image processing such as gradation
processing to generate image data for display. Further,
the DSC 32 generates synthesized data for color pres-
entation of intima media in an ultrasonic image and su-
perimposing of various information on the ultrasonic im-
age based on the data outputted from the IMT measure-
ment unit 31. Furthermore, an image processing part for
performing image processing such as linear gradation
processing including gain adjustment and contrast ad-
justment and nonlinear gradation processing includingy-
correction may be provided at the downstream of the
DSC 32.

[0036] The D/A converter 33 converts the image data
for display converted in the DSC 32 into an analog signal
and outputs the analog signal to the display unit 34.
[0037] The display unit 34 is a raster-scan type CRT
display or LCD display, and displays moving images or
stillimages of ultrasonicimages, various setting screens,
IMT measurement results, and so on based on the image
signals analog-converted in the D/A converter 33. Al-
though one display unit is provided in the embodiment,
one or more other display unit may be provided for display
of the various setting screens, for example.

[0038] Next, a function of the IMT measurement unit
31 in the ultrasonic diagnostic apparatus shown in Fig.
1 will be explained with reference to Figs. 1 and 2.
[0039] Fig. 2 shows a change in a value of certain in-
tensity data. Typically, in the case where a certain meas-
urement line runs across a vessel wall in one position,
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peaks are observed in two positions at the boundary be-
tween the vascular lumen and the intima (hereinafter,
also referred to as the intima side boundary) and the
boundary between the media and the adventitia (herein-
after, also referred to as the adventitia side boundary) in
the intensity data corresponding to the measurement
line. Of them, the reflection of ultrasonic waves at the
adventitia side boundary is stronger and the reflection at
the intima side boundary is weaker, and therefore, the
intensity of the peak has two levels. Accordingly, the in-
tima side boundary and the adventitia side boundary are
obtained by detecting such two peaks, and IMT is ob-
tained by calculating a distance between the boundaries.
[0040] The envelope memory 40 stores envelope data
supplied from the signal processing unit 28 in the live
mode and stores envelope data supplied from the
cine-memory 29 in the freeze mode.

[0041] The boundary detecting part 41 detects an inti-
ma side boundary and an adventitia side boundary based
on the intensity data stored in the envelope memory 40.
That is, the boundary detecting part 41 searches for a
region where the intensity increases (a region where the
intensity as shown in Fig. 2 rises) by difference calcula-
tion or differential calculation, and extracts, when the in-
tensity difference between ends of the region is larger
than a predetermined threshold value, the region as an
intima side boundary or adventitia side boundary.
[0042] The ROl setting part42 sets the region selected
by the examiner within the B-mode image as a region of
interest (ROI) for IMT measurement.

[0043] The search range setting part 43 sets a target
region (search range) for boundary detection by the
boundary detecting part 41. The search range setting
part 43 sets the region of interest set by the ROl setting
part 42 as the first search range, and then, resets the
search range according to detection circumstances.
[0044] The threshold value setting part 44 sets a
threshold value to be used by the boundary detecting
part 41.

[0045] The error detecting part 45 determines whether
or not a point of interest detected as a boundary is erro-
neously detected based on the relationship between the
point of interest and the adjacentboundaries in the azi-
muth direction.

[0046] The IMT calculating part 46 calculates IMT val-
ues based on coordinate values (depths) of the detected
intima side boundary and adventitia side boundary, and
obtains the maximum value of IMT (maxIMT) from the
IMT values, and further, calculates a mean value of IMT
(meanIMT).

[0047] The IMT display processing part 47 generates
image data for color presentation for displaying the de-
tected boundaries in color on the ultrasonic image, posi-
tion data for displaying the position of maxIMT by using
an arrow or like, and measurement data representing
measurement values of maxIMT and meanIMT, and out-
puts the data to the DSC 32.

[0048] In addition, a preprocessing part for performing
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image processing such as smoothingprocessing, con-
trast enhancement processing, edge enhancement
processing, noise reducing processing on the intensity
data stored in the envelope memory 40 may be further
provided at the upstream of the boundary detecting part
41. In this case, it is efficient that the preprocessing is
performed only on the region set as the ROL.

[0049] Next, a boundary detection operation and an
IMT measurement operation to be performed in the ul-
trasonic diagnostic apparatus according to the embodi-
ment will be explained with reference to Figs. 1 and 3-5.
[0050] Ultrasonic imaging is started when the examin-
er brings the ultrasonic probe 100 (Fig. 1) in contact with
the cervical part of a patient, and a B-mode image is
displayed on the display unit 34.

[0051] Atstep S11inFig. 3, the examiner sets an ROI
52 for a portion of interest (e.g., a portion considered to
be a plaque, the vicinity of the entrance of common ca-
rotid artery, vascular bifurcation, or the like) within a
B-mode image 51 displayed on the screen as shown in
Fig 4A. In this regard, it is desirable to set the ROI 52 to
include only one vessel wall section (i.e., not to include
opposed two vessel walls) . IMT measurement is per-
formed with respect to each measurement line K=K to
KiasT Within the ROI 52 . The search range setting part
43 sets the length of the measurement line K as an initial
set value of search range. In response, at step S12, in-
tensity data corresponding to the search range is inputted
to the boundary detecting part 41.

[0052] At step S13, the threshold value setting part 44
sets a threshold value to be used for boundary detection.
As the threshold value, a value empirically obtained may
be used or the threshold value used in the previous
boundary detection may be used. When the threshold
value is initially set, itis not necessary to reset the thresh-
old value.

[0053] At step S14, as shown in Fig. 4B, the boundary
detecting part 41 searches for and extract regions where
the intensity rises (regions where the difference values
or differential values are positive) in the intensity data
included in the search range. For example, intensity val-
ue | (N) at a certain point of interest "N" and intensity
value | (N+a) at the adjacent point "N+a" (a>1) are com-
pared and whether or not the difference value {I(N+a)-I
(N)}/ {(N+a)-(N)} is positive is determined. Alternatively,
differential value dl(z)/dz (z = z;) at a certain depth z; is
calculated, and whether or not the differential value is
positive is determined. The rising regions are candidate
regions of intima side boundary or adventitia side bound-
ary.

[0054] Then, at step S15, as shown in Fig. 4C, the
boundary detecting part 41 calculates an amount of
change in intensity (an intensity difference) between both
ends of the rising region of intensity.

[0055] At step S16, the boundary detecting part 41
compares the intensity difference in the rising region with
a threshold value, and extracts two regions having the
intensity differences larger than the threshold value as
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anintima side boundary and an adventitia side boundary.
In this regard, the region having the larger intensity dif-
ference is considered to be an adventitia side boundary
region (step S17), and the region having the smaller in-
tensity difference is considered to be an intima side
boundary region (step S18) . Further, if only one region
having the intensity difference larger than the threshold
value is detected, the region is considered to be an ad-
ventitia side boundary region.

[0056] If no intima side boundary region is detected at
step S18, the search range setting part 43 sets a new
search range and the threshold value setting part 44 sets
a new threshold value at step S19. As the search range,
as shown in Fig. 4D, a predetermined range from the
adventitia side boundary region detected at step S17 is
set. For example, the next search range may be deter-
mined with reference to clinically possible IMT values, or
may be numerically determined to be within 50% of the
previous search range. On the other hand, as the thresh-
old value, a value lower than the threshold value used at
step S16 is set (e.g. , 80% of the previous threshold val-
ue).

[0057] Thereby, at step S16, searching for the intima
side boundary region is performed under the reset con-
ditions (the search range and the threshold value). The
searching step 16 and the search condition setting steps
S18-S19 are performed until the intima side boundary
region is detected while the search range is gradually
narrowed and the threshold value is gradually decreased.
[0058] Then, at step S20, as shown in Fig. 4E, the
boundary detecting part 41 saves coordinate values at
both ends of the detected each boundary region (i.e., the
maximum value and the minimum value of the depth).
[0059] Atstep S21, the boundary detecting part 41 de-
termines positions (coordinates) of the intima side bound-
ary and the adventitia side boundary based on the saved
maximum values and minimum values. The boundary
position may be the maximum value or the minimum val-
ue in each boundary region, or may be a midpoint be-
tween the maximum value and the minimum value. The
data representing the boundary positions (boundary da-
ta) is outputted to the error detecting part 45 and tempo-
rarily stored for determination whether or not there is a
detection error.

[0060] Such boundary detection processing (steps
S12-S21) is repeated until the measurement line K = Ky,
K,, ... within the ROI 52 reaches the right end (K=K 557)
as shown in Fig. 4A (step S22).

[0061] Then, at step S23, the error detecting part 45
determines whether or not there is a detection error with
respect to the boundaries obtained at step S21, and, if
there is a detection error, performs correction (detection
of true boundary). The corrected boundary data is out-
putted to the IMT calculating part 46. The correction op-
eration will be specifically explained later.

[0062] At step S24, as shown in Fig. 5, the IMT calcu-
lating part 46 calculates IMT for each of measurement
lines K4, Ky, ... by obtaining a coordinate value difference
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between the intima side boundary and the adventitia side
boundary.

[0063] Atstep S25, the IMT calculating part 46 obtains
the maximum value of IMT (maxIMT) among the IMTs
calculated for the respective measurement lines, and ac-
quires the measurement line K, from which the max-
IMT is obtained. Further, the IMT calculating part 46 ac-
quires IMT(K|) and IMT(KR) in the measurement lines
K| and Ky at a predetermined distance (e.g., 1cm apart
atboth sides) from the K5, and calculates a mean value
mean IMT = {maxIMT + IMT(K,) + IMT(Kg)}/3 of them.
[0064] Atstep S26, the IMT display processing part 47
generates image data for displaying the boundaries in
color based on the boundary data outputted from the
boundary detecting part 41 and outputs the image data
to the DSC 32. Further, the display processing part 47
outputs position data for showing the position where the
maxIMT is obtained by using an arrow or like, and meas-
urement data representing measurement values such as
maxIMT. Thereby, as shown in Fig. 6, the intima media
or the boundary thereof is displayed in color and the po-
sition of the maxIMT and the values of the maxIMT and
the meanlIMT are displayed on the B-mode image gen-
erated in the B-mode image data generating unit 30.
[0065] Next, the correction operation at step S23 in
Fig. 3 will be explained with reference to Figs. 1, 7, 8A
and 8B.

[0066] Atstep S31in Fig.7, the error detecting part 45
shownin Fig. 1 accumulates boundary data detected with
respect to each measurement line by the boundary de-
tecting part 41 for one frame.

[0067] Here, in the case where a peak due to noise is
erroneously detected as an intima side boundary in a
certain measurement line K, as shown in Fig. 8A, the
continuity of the intima side boundary is lost as shown in
Fig 8B . The error detecting part 45 determines whether
or not there is a boundary detection error by focusing
attention on the continuity in the azimuth direction (a di-
rection perpendicular to the depth direction) .

[0068] That is, at step S32, as shown in Fig 8B, with
respect to the coordinate value C (K,) detected in the
measurement line K, of interest, an average value AVE
(C) of boundary coordinate values C(K,_4), C(K,.5).... de-
tected in the neighboring measurementlines K, 4, K, o, ...
or Ky+1, Kysa,... (prior or subsequent, or both prior and
subsequent thereto) is calculated. Then, at step S33, the
difference between the coordinate value C(K,) and the
AVE(C) is calculated.

[0069] At step S34, the error detecting part 45 deter-
mines whether or not there is a detection error by com-
paring the difference between the coordinate value C(K,)
and the AVE (C) with a predetermined threshold value.
As the threshold value, for example, a fixed value that is
clinically acceptable may be used, or the difference be-
tween the maximum value and the minimum value of
boundary coordinates in the nearby frame may be used.
[0070] As a result of determination at step S34, in the
case where the difference between the coordinate value
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C(K,) and the AVE (C) is smaller than the thresholdvalue,
it is considered that there is no boundary detection error,
and the boundary data is outputted to the IMT calculating
part 46 without correction (step S35).

[0071] On the other hand, in the case where the differ-
ence between the coordinate value C(K,) and the AVE
(C) is equal to or larger than the threshold value, the
boundary of the coordinate value C(K,) is determined to
have been erroneously detected, and the search is made
again for detection of true boundary. At step S36, the
searchrange setting part 43 resets a search range based
on (i) positions of neighboring boundaries in the azimuth
direction of the boundary that has been erroneously de-
tected or (ii) a position of another boundary existing in
the depth direction of the boundary that has been erro-
neously detected. For example, in the case where the
boundary that has been erroneously detected is located
in a position shallower (or deeper) than the boundaries
in the neighboring measurementlines, the region deeper
(or shallower) than the boundary that has been errone-
ously detected is set as a new search range as shown
in Figs. 8A and 8B. Alternatively, a new search range
maybe set with reference to the position of the adventitia
side boundary on the measurement line K, in which there
has been a detection error (e.g., in a range of several
millimeters to the shallower side from the adventitia side
boundary) . As the threshold value, a value used in the
previous boundary detection may be used, or a smaller
value (e.g., 80%) may be set and used.

[0072] Then, at step S37, processing for detecting the
true boundary is performed with respect to the boundary
data corresponding to the new search range. The bound-
ary detection processing is the same as that at steps
S16-S21 shown in Fig. 2.

[0073] At step S38, the error detecting part 45 outputs
the corrected boundary data to the IMT calculating part
46.

[0074] As described above, according to the embodi-
ment, boundaries can be easily and correctly detected
by focusing attention on the gradient of intensity data
values and amounts of change in intensity. Especially,
by gradually decreasing the search range and the thresh-
old value, the intima side boundary having relatively small
intensity can be detected separately from the noise. Fur-
ther, according to the embodiment, whether or not there
is a detection error is determined based on the position
relationship among boundaries in the azimuth direction,
and thus, rational determination results can be obtained.
Furthermore, according to the embodiment, in the case
where there is a detection error, the search range is reset
based on the position relationship among the neighboring
boundaries and the position of the adventitia side bound-
ary and the true boundary is searched for again, and
thus, correction with high accuracy can be performed.
Consequently, nearly error-free maxIMT can be obtained
and highly reliable medical diagnoses can be performed.
[0075] In the above explanation, although boundaries
are detected based on the intensity data, even data that
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does not directly represent intensity may be utilized as
long as the data corresponds to the intensity of reflection
of ultrasonic waves in the object. For example, envelope
data on which various kinds of signal processing have
been performed may be used according to need.

Claims
1. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe (100) for transmitting ultra-
sonic waves to an object to be inspected and
receiving ultrasonic echoes generated by reflec-
tion ofthe ultrasonic waves in the objectto output
reception signals;

signal processing means (28) for performing at
least envelope detection processing on the re-
ception signals outputted from said ultrasonic
probe (100) to generate envelope data;
boundary detectingmeans (41) for detecting two
boundaries representing intima media of a blood
vessel; and

IMT (intima media thickness) calculating means
(46) for calculating an IMT of the blood vessel
based on the two boundaries detected by said
boundary detecting means, characterized in
that:

said boundary detecting means (41)
searches for rising regions, where a value
of the envelope data increases along a
measurement line, based on difference cal-
culation or differential calculation of the en-
velope data, calculates amounts of change
in the value of the envelope data between
both ends of the rising regions, and com-
pares the amounts of change in the value
of the envelope data with a threshold value
to detect the two boundaries, wherein the
boundary detecting means detects as a
boundary a rising region in which the
amount of change in the value of the enve-
lope is larger than the theshold.

2. The ultrasonic diagnostic apparatus according to
claim 1, further comprising:

threshold value setting means (44) for setting
the threshold value to be compared with the
amounts of change in the value of the envelope
data.

3. The ultrasonic diagnostic apparatus according to
claim 2, wherein said threshold value setting means
(44) resets the threshold value to a smaller value in
a case where at least one of the two boundaries is
not detected.
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4. The ultrasonic diagnostic apparatus according to

any one of claims 1-3, further comprising:

search range setting means (43) for setting a
search range for searching for the two bounda-
ries;

wherein said boundary detecting means (41)
searches for the two boundaries based on the
envelope data within the search range set by
said search range setting means (43).

The ultrasonic diagnostic apparatus according to
claim 4, wherein said search range setting means
(43) resets, when only one boundary is detected by
said boundary detecting means (41), a search range
for searching for the other boundary based on a po-
sition of the one boundary.

The ultrasonic diagnostic apparatus according to
any one of claims 1-5, further comprising:

error detecting means (45) for detecting a de-
tection error of a boundary in said boundary de-
tecting means (41) based on a position relation-
ship among boundaries in an azimuth direction.

The ultrasonic diagnostic apparatus according to
claim 6, wherein said error detecting means (45) de-
termines whether or not there is a detection error of
a boundary based on a difference between a coor-
dinate value of the boundary and an average value
of coordinate values of neighboring boundaries in
the azimuth direction of the boundary.

The ultrasonic diagnostic apparatus according to
claim 4 or 5, further comprising:

error detecting means (45) for detecting a de-
tection error of a boundary in said boundary de-
tecting means (41) based on a position relation-
ship among boundaries in an azimuth direction;
wherein said search range setting means (43)
resets, when a detection error of a boundary is
detected by said error detecting means (45), a
search range based on (i) positions of neighbor-
ing boundaries in the azimuth direction of the
boundary that has been erroneously detected
or (ii) a position of another boundary existing in
a depth direction of the boundary that has been
erroneously detected; and

said boundary detecting means (41) searches
for a boundary within the reset search range to
detect a true boundary.

The ultrasonic diagnostic apparatus according to
any one of claims 1-8, wherein said IMT calculating
means (46) obtains a maximum value of the IMT and
a position where the IMT is largest based on IMTs
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13.

calculated in plural measurementlines, respectively.

An IMT (intima media thickness) measurement
method of measuring an IMT of a blood vessel based
on envelope data in an ultrasonic diagnostic appa-
ratus for transmitting ultrasonic waves to an object
to be inspected and receiving ultrasonic echoes gen-
erated by reflection of the ultrasonic waves in the
object to obtain reception signals, and performing at
least envelope detection processing on the reception
signals to generate the envelope data, said method
comprising the steps of:

(a) detecting two boundaries representing inti-
ma media of the blood vessel; and

(b) calculating the IMT of the blood vessel based
onthe two boundaries detected at step (a), char-
acterized in that:

step (a) includes searching for rising re-
gions, where a value of the envelope data
increases along a measurementline, based
on difference calculation or differential cal-
culation of the envelope data, calculating
amounts of change in the value of the en-
velope data between both ends of the rising
regions, and comparing the amounts of
change in the value of the envelope data
with a threshold value to detect the two
boundaries, wherein arising region in which
the amount of change in the value of the
envelope is larger than the therehold is de-
tected as a boundary.

The IMT measurement method according to claim
10, further comprising the step of:

(c) setting the threshold value to be compared
with the amounts of change in the value of the
envelope data.

The IMT measurement method according to claim
10 or 11, further comprising the step of:

(d) setting a search range for searching for the
two boundaries;

wherein step (a) includes searching for the two
boundaries based on the envelope data within the
search range set at step (d).

The IMT measurement method according to any one
of claims 10-12, further comprising the step of:

(e) detecting a detection error of a boundary at
step (a) based on a position relationship among
boundaries in an azimuth direction.
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The IMT measurement method according to claim
12, further comprising the step of:

(e) detecting a detection error of a boundary at
step (a) based on a position relationship among
boundaries in an azimuth direction;

wherein step (d) includes resetting, when a detection
error of a boundary is detected at step (e), a search
range based on (i) positions of neighboring bound-
aries in the azimuth direction of the boundary that
has been erroneously detected or (ii) a position of
another boundary existing in a depth direction of the
boundary that has been erroneously detected; and
step (a) includes searching for a boundary within the
reset search range to detect a true boundary.

The IMT measurement method according to any one
of claims 10-14, wherein step (b) includes obtaining
a maximum value of the IMT and a position where
the IMT is largest based on IMTs calculated in plural
measurement lines, respectively.

An IMT (intima media thickness) measurement pro-
gram embodied on a computer readable medium,
for measuring an IMT of a blood vessel based on
envelope data in an ultrasonic diagnostic apparatus
for transmitting ultrasonic waves to an object to be
inspected and receiving ultrasonic echoes generat-
ed by reflection of the ultrasonic waves in the object
to obtain reception signals, and performing at least
envelope detection processing on the reception sig-
nals to generate the envelope data, said program
activating a CPU to execute the procedures of:

(a) detecting two boundaries representing inti-
ma media of the blood vessel; and

(b) calculating the IMT of the blood vessel based
on the two boundaries detected at procedure
(a), characterized in that:

procedure (a) includes searching for rising
regions, where a value of the envelope data
increases along a measurement line, based
on difference calculation or differential cal-
culation of the envelope data, calculating
amounts of change in the value of the en-
velope data between both ends of the rising
regions, and comparing the amounts of
change in the value of the envelope data
with a threshold value to detect the two
boundaries, wherein a rising region in which
the amount of change in the value of the
envelope is larger than the therehold is de-
tected as a boundary.

The IMT measurement program according to claim
16, further activating the CPU to execute the proce-
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dure of:

(d) setting a search range for searching for the
two boundaries;

wherein procedure (a) includes searching for the two
boundaries based on the envelope data within the
search range set at procedure (d).

The IMT measurement program according to claim
16 or 17, further activating the CPU to execute the
procedure of:

(e) detecting a detection error of a boundary at
procedure (a) based on a position relationship
among boundaries in an azimuth direction.

The IMT measurement program according to claim
17, further activating the CPU to execute the proce-
dure of:

(e) detecting a detection error of a boundary at
procedure (a) based on a position relationship
among boundaries in an azimuth direction;

wherein procedure (d) includes resetting, when a de-
tection error of a boundary is detected at procedure
(e), a search range based on (i) positions of neigh-
boring boundaries in the azimuth direction of the
boundary that has been erroneously detected or (ii)
a position of another boundary existing in a depth
direction of the boundary that has been erroneously
detected; and

procedure (a) includes searching for a boundary
within the reset search range to detect a true bound-
ary.

The IMT measurement program according to any
one of claims 16-19, wherein procedure (b) includes
obtaining a maximum value of the IMT and a position
where the IMT is largest based on IMTs calculated
in plural measurement lines, respectively.

Patentanspriiche

1.

Ultraschalldiagnosevorrichtung, umfassend:

eine Ultraschallsonde (100) zum Senden von
Ultraschallwellen auf ein zu inspizierendes Ob-
jekt und zum Empfangen von Ultraschallechos,
die durch Reflexion der Ultraschallwellen in dem
Objekt erzeugt werden, um Empfangssignale
auszugeben;

eine Signalverarbeitungseinrichtung (28) zum
Durchfiihren mindestens einer Hullkurvende-
tektionsverarbeitung an den Empfangssigna-
len, die von der Ultraschallsonde (100) ausge-
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geben werden, um Hullkurvendaten zu erzeu-
gen;

eine Grenznachweiseinrichtung (41) zum Nach-
weisen von zwei Grenzen, die die Intima-Media
eines BlutgeféRes reprasentieren; und

eine IMT-(Intima-Media-Dicken-)Berechnungs-
einrichtung (46) zum Berechnen einer IMT des
Blutgefalies, basierend auf den beiden von der
Grenznachweiseinrichtung  nachgewiesenen
Grenzen, dadurch gekennzeichnet, dass:

die Grenznachweiseinrichtung (41) nach
Anstiegszonen sucht, wo ein Wert der Hll-
kurvendaten entlang einer Messlinie an-
steigt, basierend auf einer Differenzberech-
nung oder einer Differentialberechnung der
Hillkurvendaten, Anderungsbetrdge in
dem Wert der Hullkurvendaten zwischen
beiden Enden der Anstiegszone berechnet,
und die Anderungsbetrige in dem Wert der
Hullkurvendaten mit einem Schwellenwert
vergleicht, um die beiden Grenzen nachzu-
weisen, wobei die Grenznachweiseinrich-
tung als eine Grenze eine Anstiegszone
nachweist, in der der Anderungsbetrag im
Wert der Hullkurve groRer als der Schwel-
lenwert ist.

Vorrichtung nach Anspruch 1, weiterhin umfassend:

eine Schwellenwerteinstelleinrichtung (44) zum
Einstellen des Schwellenwerts fiir den Vergleich
mit Anderungsbetrégen im Wert der Hiillkurven-
daten.

Vorrichtung nach Anspruch 2, bei der die Schwel-
lenwert-Einstelleinrichtung (44) den Schwellenwert
dann auf einen kleineren Wert zuriicksetzt, wenn die
mindestens eine der beiden Grenzen nicht nachge-
wiesen wird.

Vorrichtung nach einem der Anspriiche 1 bis 3, wei-
terhin umfassend:

eine Suchbereichs-Einstelleinrichtung (43) zum
Einstellen eines Suchbereichs zum Suchen
nach den beiden Grenzen;

wobei die Grenznachweiseinrichtung (41) nach
den beiden Grenzen basierend auf den Hullkur-
vendaten innerhalb des von der Suchbereichs--
Einstelleinrichtung (43) eingestellten Suchbe-
reichs sucht.

Vorrichtung nach Anspruch 4, bei der die Suchbe-
reichs-Einstelleinrichtung (43) dann, wenn nur eine
Grenze von der Grenznachweiseinrichtung (41)
nachgewiesen wird, einen Suchbereich zum Suchen
nach der anderen Grenze basierend auf einer Posi-
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tion der einen Grenze zurlickstellt.

Vorrichtung nach einem der Anspriiche 1 bis 5, wei-
terhin umfassend:

eine Fehlernachweiseinrichtung (45) zum
Nachweisen eines Nachweisfehlers einer Gren-
ze inder Grenznachweiseinrichtung (41), basie-
rend auf einer Lagebeziehung unter Grenzen in
Azimuthrichtung.

Vorrichtung nach Anspruch 6, bei der die Fehler-
nachweiseinrichtung (45) bestimmt, ob es einen
Nachweisfehler einer Grenze gibt oder nicht, basie-
rend auf einer Differenz zwischen einem Koordina-
tenwert der Grenze und einem Durchschnittswert
von Koordinatenwerten benachbarter Grenzen in
Azimuthrichtung der Grenze.

Vorrichtung nach Anspruch 4 oder 5, weiterhin um-
fassend:

eine Fehlernachweiseinrichtung (45) zum
Nachweisen eines Nachweisfehlers einer Gren-
ze in der Grenznachweiseinrichtung (41) basie-
rend auf einer Lagebeziehung zwischen Gren-
zen in Azimuthrichtung;

wobeidie Suchbereichs-Einstelleinrichtung (43)
dann, wenn von der Fehlernachweiseinrichtung
(45) ein Nachweisfehler einer Grenze nachge-
wiesen wird, einen Suchbereich zuriicksetzt auf
der Grundlage von (i) Positionen von Nachbar-
grenzen in Azimuthrichtung der Grenze, die feh-
lerhaft nachgewiesen wurde, oder (ii) einer Po-
sition einer weiteren Grenze, die in einer Tiefen-
richtung der Grenze, die fehlerhaft nachgewie-
sen wurde, existiert; und

die Grenznachweiseinrichtung nach einer Gren-
ze innerhalb des zurlickgesetzten Suchbe-
reichs sucht, um eine wahre Grenze nachzuwei-
sen.

Vorrichtung nach einem der Anspriiche 1 bis 8, bei
der die IMT-Berechnungseinrichtung (46) einen Ma-
ximumwert der IMT und eine Position ermittelt, an
der die IMT am gréBten ist, basierend auf in mehre-
ren Messlinien berechneten IMTs.

IMT-(Intima-Media-Dicken-)Messverfahren zum
Messen einer IMT eines BlutgefdlRes anhand von
Hullkurvendaten in einer Ultraschalldiagnosevor-
richtung zum Senden von Ultraschallwellen zu ei-
nem zu inspizierenden Objekt und zum Empfangen
von durch Reflexion der in dem Objekt erzeugten
Ultraschallechos, um Empfangssignale zu erhalten,
und zum Ausfiihren mindestens einer Hillkurvende-
tektorverarbeitung an den Empfangssignalen, um
die Hullkurvendaten zu erzeugen, umfassend die
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Schritte:

(a) Nachweisen zweier Grenzen, die Intima-Me-
dia des Blutgefalies reprasentieren; und

(b) Berechnen der IMT des BlutgefalRes anhand
der zwei im Schritt (a) nachgewiesenen Gren-
zen, dadurch gekennzeichnet, dass:

der Schritt (a) das Suchen nach Anstiegs-
zonen beinhaltet, wo ein Wert der Hullkur-
vendaten entlang einer Messlinie ansteigt,
basierend auf einer Differenzberechnung
oder einer Differentialberechnung der Hiill-
kurvendaten, ferner das Berechnen von An-
derungsbetragen in dem Wert der Hiillkur-
vendaten zwischen beiden Enden der An-
stiegszone, und das Vergleichen der Ande-
rungsbetrage in dem Wert der Hiillkurven-
daten mit einem Schwellenwert, um die bei-
den Grenzen nachzuweisen, wobei eine
Anstiegszone, in der der Anderungsbetrag
im Wert der Hullkurve gréRer ist als der
Schwellenwert, als eine Grenze nachge-
wiesen wird.

Verfahren nach Anspruch 10, umfassend den
Schritt:

(c) Einstellen des Schwellenwerts fiir den Ver-
gleich mit den Anderungsbetragen im Wert der
Hullkurvendaten.

Verfahren nach Anspruch 10 oder 11, weiterhin um-
fassend die Schritte:

(d) Einstellen eines Suchbereichs zum Suchen
nach zwei Grenzen;

wobei der Schritt (a) das Suchen nach den beiden
Grenzen basierend auf den Hullkurvendaten inner-
halb des im Schritt (d) eingestellten Suchbereichs
enthalt.

Verfahren nach einem der Anspriiche 10 bis 12, wei-
terhin umfassend den Schritt:

(e) Nachweisen eines Nachweisfehlers einer
Grenze im Schritt (a) basierend auf einer Lage-
beziehung zwischen Grenzen in Azimuthrich-
tung.

Verfahren nach Anspruch 12, weiterhin umfassend
den Schritt:

(e) Nachweisen eines Nachweisfehlers einer
Grenze im Schritt (a) basierend auf einer Lage-
beziehung zwischen Grenzen in Azimuthrich-
tung;
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wobei der Schritt (d) beinhaltet, dann, wenn ein
Nachweisfehler einer Grenze im Schritt (e) nachge-
wiesen wird, einen Suchbereich zurlickzusetzen ba-
sierend auf (i) Positionen von Nachbargrenzen in
Azimuthrichtung der fehlerhaft nachgewiesenen
Grenze, oder (ii) einer Position einer anderen Gren-
ze, die in einer Tiefenrichtung der fehlerhaft nach-
gewiesenen Grenze existiert; und

der Schritt (a) das Suchen nach einer Grenze inner-
halb des zurlickgesetzten Suchbereichs zum Nach-
weisen einer wahren Grenze enthalt.

Verfahren nach einem der Anspriiche 10 bis 14, bei
dem der Schritt (b) beinhaltet, einen Maximumwert
der IMT und eine Stelle zu ermitteln, in der die IMT
am gréBten ist, basierend auf den mehreren Messli-
nien berechneten IMTs.

IMT-(Intima-Media-Dicken-)Messprogramm,  wel-
ches auf einem computerlesbaren Medium gespei-
chert ist, um eine IMT (Intima-Media-Dicke) eines
BlutgefaRes zu messen auf der Grundlage von Hiill-
kurvendaten in einer Ultraschalldiagnosevorrich-
tung zum Senden von Ultraschallwellen auf ein zu
inspizierendes Objekt und Empfangen von Ultra-
schallechos, die durch Reflexion der Ultraschallwel-
len in dem Objekt erzeugt werden, um Empfangssi-
gnale zu erhalten, und zum Ausfiihren mindestens
einer Hiullkurvendetektorverarbeitung an den Emp-
fangssignalen, um die Hullkurvendaten zu erzeu-
gen, wobei das Programm eine CPU aktiviert, um
folgende Prozeduren auszufiihren:

(a) Nachweisen zweier Grenzen, die Intima-Me-
dia des Blutgefaes reprasentieren; und

(b) Berechnen der IMT des BlutgefaRes anhand
der zwei im Schritt (a) nachgewiesenen Gren-
zen, dadurch gekennzeichnet, dass:

eine Prozedur (a), die das Suchen nach An-
stiegszonen beinhaltet, wo ein Wert der Hillkur-
vendaten entlang einer Messlinie ansteigt, ba-
sierend auf einer Differenzberechnung oder ei-
ner Differentialberechnung der Hillkurvenda-
ten, ferner das Berechnen von Anderungsbetré-
gen in dem Wert der Hillkurvendaten zwischen
beiden Enden der Anstiegszone, und das Ver-
gleichen der Anderungsbetrage in dem Wert der
Hullkurvendaten mit einem Schwellenwert, um
die beiden Grenzen nachzuweisen, wobei eine
Anstiegszone, in der der Anderungsbetrag im
Wert der Hullkurve gréRer ist als der Schwellen-
wert, als eine Grenze nachgewiesen wird.

Programm nach Anspruch 16, das weiterhin die CPU
aktiviert, folgende Prozedur auszufiihren:

(d) Einstellen eines Suchbereichs zum Suchen
der beiden Grenzen;
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wobei die Prozedur (a) das Suchen nach den beiden
Grenzen basierend auf den Hullkurvendaten inner-
halb des durch die Prozedur (d) eingestellten Such-
bereichs beinhaltet.

Programm nach Anspruch 16 oder 17, weiterhin um-
fassend das Aktivieren der CPU, um folgende Pro-
zedur auszufihren:

(e) Nachweisen eines Nachweisfehlers einer
Grenze in der Prozedur (a) basierend auf einer
Lagebeziehung zwischen Grenzen in Azimuth-
richtung.

Programm nach Anspruch 17, weiterhin umfassend
das Aktivieren der CPU, um folgende Prozedur aus-
zufihren:

(e) Nachweisen eines Nachweisfehlers einer
Grenze in der Prozedur (a) basierend auf einer
Lagebeziehung zwischen Grenzen in Azimuth-
richtung;

wobei die Prozedur (d) beinhaltet, dann, wenn ein
Nachweisfehler einer Grenze in der Prozedur (e)
nachgewiesen wird, einen Suchbereich zurlickzu-
setzen basierend auf (i) Positionen von Nachbar-
grenzen in Azimuthrichtung der fehlerhaft nachge-
wiesenen Grenze, oder (ii) einer Position einer an-
deren Grenze, die in einer Tiefenrichtung der fehler-
haft nachgewiesenen Grenze existiert; und

die Prozedur (a) das Suchen nach einer Grenze in-
nerhalb des zuriickgesetzten Suchbereichs zum
Nachweisen einer wahren Grenze enthalt.

Programm nach einem der Anspriiche 16 bis 19, bei
dem die Prozedur (b) beinhaltet, einen Maximum-
wert der IMT und eine Position zu ermitteln, wo die
IMT am gréfRten ist, basierend aufin mehreren Mes-
slinien berechneten IMTs.

Revendications

1.

Appareil de diagnostic ultrasonique comprenant :

une sonde ultrasonique (100) pour transmettre
des ondes ultrasoniques a un objet devant étre
inspecté etrecevoir des échos ultrasoniques gé-
nérés par réflexion des ondes ultrasoniques
dans l'objet pour produire des signaux de
réception ;

des moyens de traitement de signaux (28) pour
réaliser au moins un traitement de détection
d’enveloppe sur les signaux de réception pro-
duits a partir de ladite sonde ultrasonique (100)
pour générer des données d’enveloppe ;

des moyens de détection de limite (41) pour dé-
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tecter deux limites représentant l'intima-média
d’'un vaisseau sanguin ; et

des moyens de calcul de 'EIM (épaisseur de
I'intima-média) (46) pour calculer une EIM du
vaisseau sanguin sur la base des deux limites
détectées par lesdits moyens de détection de
limites, caractérisé en ce que :

lesdits moyens de détection de limites (41)
recherchent des régions ascendantes, ou
une valeur des données d’enveloppe aug-
mente le long d’une ligne de mesure, sur la
base du calcul de différences ou du calcul
différentiel des données d’enveloppe, cal-
culent les quantités de changement de la
valeur des données d’enveloppe entre les
deux extrémités des régions ascendantes
et comparent les quantités de changement
delavaleurdes donnéesd’enveloppe aune
valeur de seuil pour détecter les deux limi-
tes, les moyens de détection de limites dé-
tectant en tant que limite une région ascen-
dante dans laquelle la quantité de change-
ment de la valeur de I'enveloppe est supé-
rieure au seuil.

Appareil de diagnostic ultrasonique selon la reven-
dication 1, comprenant en outre :

des moyens de réglage de valeur de seuil (44)
pour régler la valeur de seuil a comparer aux
quantités de changement de la valeur des don-
nées d’enveloppe.

Appareil de diagnostic ultrasonique selon la reven-
dication 2, dans lequel lesdits moyens de réglage de
valeur de seuil (44) réinitialisent la valeur de seuil a
une valeur inférieure dans un cas ou au moins l'une
des deux limites n’est pas détectée.

Appareil de diagnostic ultrasonique selon 'une quel-
conque des revendications 1 a 3, comprenant en
outre :

des moyens de réglage de plage de recherche
(43) pour régler une plage de recherche pour
rechercher les deux limites ;

dans lequel lesdits moyens de détection de li-
mite (41) recherchent les deux limites sur la ba-
se des données d’enveloppe dans la plage de
recherche définie par lesdits moyens de réglage
de plage de recherche (43).

Appareil de diagnostic ultrasonique selon la reven-
dication 4, dans lequel lesdits moyens de réglage de
la plage de recherche (43) réinitialisent, lorsqu’une
seule limite est détectée par lesdits moyens de dé-
tection de limite (41), une plage de recherche pour
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rechercher 'autre limite sur la base d’'une position
de ladite limite.

Appareil de diagnostic ultrasonique selon 'une quel-
conque des revendications 1 a 5, comprenant en
outre :

des moyens de détection d’erreur (45) pour dé-
tecter une erreur de détection d’une limite dans
lesdits moyens de détection de limite (41) surla
base d’une relation de position entre les limites
dans une direction azimutale.

Appareil de diagnostic ultrasonique selon la reven-
dication 6, dans lequel lesdits moyens de détection
d’erreur (45) déterminents’il existe ou non une erreur
de détection d’une limite sur la base d’une différence
entre une valeur de coordonnée de la limite et une
valeur moyenne de valeurs de coordonnées de limi-
tes voisines dans la direction azimutale de la limite.

Appareil de diagnostic ultrasonique selon la reven-
dication 4 ou 5, comprenant en outre :

des moyens de détection d’erreur (45) pour dé-
tecter une erreur de détection d’une limite dans
lesdits moyens de détection de limite (41) surla
base d’'une relation de position entre limites
dans une direction azimutale ;

dans lequel lesdits moyens de réglage de plage
de recherche (43) réinitialisent, lorsqu’une er-
reur de détection d’'une limite est détectée par
lesdits moyens de détection d’erreur (45), une
plage de recherche sur la base (i) de positions
de limites avoisinantes dans la direction azimu-
tale de la limite qui a été détectée par erreur ou
(ii) d’'une position d’'une autre limite existantdans
une direction de profondeur de la limite qui a été
détectée par erreur ; et

lesdits moyens de détection de limite (41) re-
cherchent une limite dans la plage de recherche
réinitialisée pour détecter une vraie limite.

Appareil de diagnostic ultrasonique selon 'une quel-
conque des revendications 1 a 8, dans lequel lesdits
moyens de calcul de 'EIM (46) obtiennent respecti-
vement une valeur maximale de 'EIM et une position
ou I'EIM est la plus importante sur la base des EIM
calculées dans plusieurs lignes de mesure.

Procédé de mesure d’EIM (épaisseur intima-média)
comprenant lamesure d’'une EIM d’un vaisseau san-
guin sur la base de données d’enveloppe dans un
appareil de diagnostic ultrasonique pour transmettre
des ondes ultrasoniques a un objet devant étre ins-
pecté et recevoir des échos ultrasoniques générés
par réflexion des ondes ultrasoniques dans l'objet
pour obtenir des signaux de réception et réaliser au
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moins un traitement de détection d’enveloppe sur
les signaux de réception pour générer les données
d’enveloppe, ledit procédé comprenant les étapes
suivantes :

(a) la détection de deux limites représentant I'in-
tima-média du vaisseau sanguin ; et

(b) le calcul de 'EIM du vaisseau sanguin sur la
base des deux limites détectées a I'étape (a),
caractérisé en ce que :

I'étape (a) comprend la recherche de ré-
gions ascendantes, ou une valeur des don-
nées d’enveloppe augmente le long d’'une
ligne de mesure, sur la base du calcul de
différences ou calcul différentiel des don-
nées d’enveloppe, le calcul de quantités de
changementde la valeur des données d’en-
veloppe entre les deux extrémités des ré-
gions ascendantes et comparaison des
quantités de changement de la valeur des
données d’enveloppe a une valeur de seuil
pour détecter les deux limites, dans lequel
une région ascendante dans laquelle la
quantité de changementde lavaleurdel’en-
veloppe est supérieure au seuil estdétectée
en tant que limite.

Procédé de mesure d’EIM selon la revendication 10,
comprenant en outre I'étape suivante :

(c) le réglage de la valeur de seuil devant étre
comparée aux quantités de changement de la
valeur des données d’enveloppe.

Procédé de mesure d’EIM selon la revendication 10
ou 11, comprenant en outre I'étape suivante :

(d) le réglage d’'une plage de recherche pour
rechercher les deux limites ; dans lequel I'étape
(a) comprend la recherche des deux limites sur
la base des données d’enveloppe dans la plage
de recherche définie a I'étape (d).

Procédé de mesure d’EIM selon 'une quelconque
des revendications 10 a 12, comprenant en outre
I’étape suivante :

(e) la détection d’une erreur de détection d’'une
limite a I'étape (a) sur la base d’une relation de
position entre les limites dans une direction azi-
mutale.

Procédé de mesure d’EIM selon la revendication 12,
comprenant en outre I'étape suivante :

(e) la détection d’une erreur de détection d’'une
limite a I'étape (a) sur la base d’une relation de
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position entre les limites dans une direction
azimutale ;

dans lequel I'étape (d) comprend la réinitialisation,
lorsqu’une erreur de détection d’une limite est dé-
tectée a I'étape (e), d’'une plage de recherche sur la
base (i) de positions de limites avoisinantes dans la
direction azimutale de la limite qui a été détectée par
erreur ou (ii) une position d’'une autre limite existant
dans une direction de profondeur de la limite qui a
été détectée par erreur ; et

I'étape (a) comprend la recherche d’une limite dans
la plage de recherche réinitialisée pour détecter une
vraie limite.

Procédé de mesure d’EIM selon I'une quelconque
des revendications 10 a 14, dans lequel I'étape (b)
comprend respectivement I'obtention d’'une valeur
maximale de 'EIM et d’une position ou I'EIM est plus
importante sur la base des EIM calculées dans plu-
sieurs lignes de mesure.

Programme de mesure d’EIM (épaisseur intima-mé-
dia) intégré a un support lisible par ordinateur, pour
mesurer une EIM d’un vaisseau sanguin sur la base
de données d’enveloppe dans un appareil de dia-
gnostic ultrasonique pour transmettre des ondes ul-
trasoniques a un objet devant étre inspecté et rece-
voir des échos ultrasoniques générés par réflexion
des ondes ultrasoniques dans I'objet pour obtenir
des signaux de réception et réaliser au moins un
traitement de détection d’enveloppe sur les signaux
deréception pour générer les données d’enveloppe,
ledit programme activant une UC pour exécuter les
procédures suivantes :

(a) la détection des deux limites représentant
l'intima-média du vaisseau sanguin ; et

(b) le calcul de 'EIM du vaisseau sanguin sur la
base des deux limites détectées a la procédure
(a), caractérisé en ce que :

la procédure (a) comprend la recherche de
régions ascendantes, ou une valeur des
données d’enveloppe augmente le long
d’une ligne de mesure, sur la base du calcul
de différences ou calcul différentiel des don-
nées d’enveloppe, le calcul de quantités de
changement de la valeur des données d’en-
veloppe entre les deux extrémités des ré-
gions ascendantes et comparaison des
quantités de changement de la valeur des
données d’enveloppe a une valeur de seuil
pour détecter les deux limites, dans lequel
une région ascendante dans laquelle la
quantité de changementde lavaleurde 'en-
veloppe est supérieure au seuil est détectée
en tant que limite.
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Programme de mesure d’EIM selon la revendication
16, activanten outre I'UC pour exécuter la procédure
suivante :

(d) le réglage d’'une plage de recherche pour
rechercher les deux limites ;

dans lequel la procédure (a) comprend la recherche
des deux limites sur la base de données d’enveloppe
al'intérieur de la plage de recherche définie a la pro-
cédure (d).

Programme de mesure d’EIM selon la revendication
16 ou 17, activant en outre 'UC pour exécuter la
procédure suivante :

(e) la détection d’une erreur de détection d’'une
limite a la procédure (a) sur la base d’une rela-
tion de position entre des limites dans une di-
rection azimutale.

Programme de mesure d’EIM selon la revendication
17, activanten outre I'UC pour exécuter la procédure
suivante :

(e) la détection d’'une erreur de détection d’'une
limite a la procédure (a) sur la base d’une rela-
tion de position entre des limites dans une di-
rection azimutale ;

dans lequel la procédure (d) comprend la réinitiali-
sation, lorsqu’une erreur de détection d’'une limite
est détectée lors de la procédure (e), d’une plage de
recherche surla base (i) de positions de limites avoi-
sinantes dans la direction azimutale de la limite qui
a été détectée par erreur ou (ii) d’'une position d’'une
autre limite existant dans une direction de profon-
deur de la limite qui a été détectée par erreur ; et
la procédure (a) comprend la recherche d’une limite
danslaplage de recherche réinitialisée pour détecter
une vraie limite.

Programme de mesure d’EIM selon I'une quelcon-
que des revendications 16 a 19, dans lequel la pro-
cédure (b) comprend respectivement I'obtention
d’une valeur maximale de I'EIM et d’une position ou
I'EIM est la plus importante sur la base des EIM cal-
culées dans plusieurs lignes de mesure.



EP 1 943 953 B1

FIG.1

00%—~| . 00¢
YILNRd W3LSAS 1¥Od3Y
MN H
v N L
€2 T4
1INN by 14Vd | _2p JOVAYILNI ~_gg
AV1dSIa ONILL3S .r.m<n_ _ooﬂ?._.mw IVYNY3LX3
T ANTVA , 1NN 13705n09
QTOHSTUHL| g J9VHOLS
v/a 1¥vd ONILLIS |g ve
Ly b
7 p) JONVY HOHV3S /
- oz_mmwmo& LINA LNn
| 0Y1INOD
950 KTl Av1dSIa LI oh 1z~] T08INOD NVOS
7 T . 0y B
[4% 14vd 14vd 1uvd IONIN 62
ONILLYINOTVOHONILO13aKONILOALIaK 20k 6o - .
1WI yoyy3l . [1iAadvannosg x m 16
hv ? v %zm_\,_ ! 11nouIo
t INOISSINSNYYL[
LINN LNIWIUNSYIN LI -3NID
e N : 92
1INN
1INN DNILYY3INID 1INOYIO
v.LvQ 3DVII 300W-8 ONISS3008dKk+] 4/V K No1L 4303y
VNDIS 5
x x L2  LINN DNIAIZOZY
0¢ 82 | ONV DNILLINSNVHL

AQ04 NIV SNLvdVddV JILSONDVIQ JINOSVHLTIN

.

ULTRASONIC PROBE

00

002

—

S~ {IITTTTTITTITITT

16



INTENSITY T

EP 1943 953 B1

FIG.2

ADVENTITIA SIDE

INTIMA SIDE f BOUNDARY
BOUNDARY

)

DEPTH

17



EP 1 943 953 B1

FIG.3

START

SET ROI ~-S11

INPUT INTENSITY DATA ~—S12

SET THRESHOLD VALUE }_s13
T .
EXTRACT RISING REGION | _g14

L
CALCULATE INTENSITY DIFFERENCES}~_S15

COMPARE INTENSITY DIFFERENCES WITH THRESHOLD
VALUE AND EXTRACT REGIONS HAVING LARGE L _S16
INTENSITY DIFFERNCES :

—1 AT FIRST

FROM
SECOND | |[PETECT ADVENTITIA SIDE BOUNDARY REGION L/S1 7

RESET SEARCH
RANGE AND
THRESHOLD VALUE

\s19

DETECT INTIMA SIDE
BOUNDARY REGION 2

SAVE COORDINATE VALUES AT BOTH ENDS'OF L\/SZO
DETECTED BOUNDARY REGIONS
e

CALCULATE BOUNDARY POSITION }~_S21

NO e ———

-
TYEs S22
CORRECT BOUNDARY POSITION p—~-523
e
CALCULATE IMT _S24
£
CALCULATE maxIMT, mean IMT - _s25
£

OUTPUT IMAGE DATA FOR SUPERIMPOSING DISPLAY S26

18




FIG.44

FIG.4B

FIG.4C

FIG.4D-

FIG.4E

EP 1 943 953 B1

51

K1K2-\KLast

INTENSITY 4

N\52

RISING
REGIONS

7

S (( R3] SRRSO
N+a
IN) fe-neeenl\
( ) ] N .
z 2
o DEPTHZ
INTENSITY 4
| INTERNSITY
| DIFFERENCES
DEPTH
INTENSITY 4 e~ ADVENTITIA SIDE
RANGE BOUNDARY REGION
DEPTH
INTENSITY 4
MIDPOINTS/ |
a
RV >
wae: DEPTH
MAXIMUM  MAXIMUM
VALUE VALUE

19



EP 1 943 953 B1

- FIG.5
/52

|_INTIMA SIDE
BOUNDARY REGION

COORDINATE
VALUE

IMT(KY | 1T (ke)

" TNADVENTITIA SIDE
BOUNDARY REGION

KL Kmax II(R
MEASURMENT LINE

FIG.6

maxIMT=0.72mm
meaniMT=0.45mm

20



EP 1 943 953 B1

FIG.7

( START }

ACCUMULATE B

OUNDARY DATA

~—S31

CALCULATE AVERAGE VALUE AVE(C) OF POSITION
COORDINATES IN NEIGHBORING MEASUREMENT

LINES OF MEASUREMENT

LINE Kx

N\_S32

AVERAGE VALUE

CALCULATE DIFFERNCE BETWEEN
COORDINATE VALUE C(Kx) AND

AVE(C)

>"\./333

COMPARE | C(Kx)-AVE(CN
WITH THRESHOLD VALUE NO
| C(Kx)-AVE(C) | >
THRESHOLD VALUE ?

YES

A34

RESET SEARCH RANGE AND
THRESHOLD VALUE

OUTPUT BOUNDARY
DATA WITHOUT

\_s36

CORRECGCTION

Usas

DETECT BOUNDARY WITHIN SEARCH RANGE s37

OUTPUT CORRECTED BOUNDARY DATA s38

END

21



EP 1943 953 B1

FIG.84

MEASUREMENT :
A LINE Kx ADVENTITIA SIDE
INTENSITY BOUNDARY REGION

NEW SEARCH
RANGE

ERRONEOUS S—

DETECTION - N,

di d2 ds DEPTH
,-RE-SEARCH RANGE
COORDINATE iy f-eeseesrsesessescens -
VALUE e ~_|_INTIMA SIDE
d2 sailu BOUNDARY REGION
SRERE |_ ADVENTITIA SIDE
da e SEERERE <= BOUNDARY REGION
Kuzile kit \EASUREMENT

Ko Kt Koo LINE

22



EP 1 943 953 B1

FIG.9
PRIOR ART

FIG.10

maxIMT(CCA)

FIG.11
PRIOR ART

914

23



EP 1943 953 B1

FIG.12
PRIOR ART

INTENSITY

BASE " DEPATH
POSITION

24



EP 1943 953 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  JP 11318896 A [0007] [0008] «  JP P2004357892 A [0010] [0011]

Non-patent literature cited in the description

* HIROYUKITOIDE. PROPER ULTRASONIC EXAM- » HOEKS AP etal. Automated detection of local artery
INATION OF BLOOD VESSELS. Ultrasonic exami- wall thickness based on M-line signal processing. UL-
nation technique, 2006, vol. 31 (2), 80 [0006] TRASOUND IN MEDICINE & BIOLOGY 1997

LNKD-PUBMED: 9330445, 1997, vol. 23 (7), ISSN
0301 - 5629, 1017-1023 [0012]

25



patsnap

ERATROF) BEOHRE , FERATIMTUENERF
DF(RE)F EP1943953B1 DF(E)A 2013-03-13
HiFs EP2008000496 RiFH 2008-01-11

FRIRBERFR)AGE) ELBRAKRRS#
RF(EFR)AGE) ErRAHA S

HAHRBHEIRARE) EXRAI%A2H

[#RI &8 A ISHIHARA KEITAROU

KREBA ISHIHARA, KEITAROU

IPCHE& A61B8/08

CPCH¥%k= A61B8/0858 A61B5/02007 G01S7/52026 G06T7/12 GO6T7/60 G06T2207/10132 G06T2207/20104
G06T2207/30101

i £ 2007005339 2007-01-15 JP

H 2T SR EP1943953A3
EP1943953A2

ShER4EE Espacenet

MWE(F)

—MEFUHRE  BYRBEFUHRETURITESEEERNIMT ( KRR
TEEE)NE  HEAHRRTREENRIEL, BERUHRED
& EAERRK100, AT HEBFRAEEREENE , FERBEMEH
MEFRRHTENEFRER , LA HRRES FSEE 28, A
THMNBAERELHENRBRESHTEDSERNLE |, UF-Ea% =
BE DN ETH , ATRESEZHBENENZERZEUARETER
BHENZLE  RURTOENABRPEOFHMLE; IMTIHHERT
46 , AT REFL SN £ TRMNBNH LRI EMERIMT,

GENERATING UNIT
W
40

I
PRINTER

1C APPARATUS MAIN BODY

REPORT SYSTEM I
30

ULTRASONIC DIA

m

g‘:j ULTRASONIC PROBE


https://share-analytics.zhihuiya.com/view/9d5e5f0d-a119-4e0a-81e1-08687378d907
https://worldwide.espacenet.com/patent/search/family/039276268/publication/EP1943953B1?q=EP1943953B1

