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The schedule memory unit 23 memorizes a time schedule set
in advance for saving images. The avascularization unit 30
compresses the subject’s brachial region to avascularize the
brachial artery, releases the avascularization after a predeter-
mined period of time, and simultaneously transmits a decom-
pression start signal to the controller 17. The controller 17
stores an ultrasonic image in the image storage unit 22 at a
point in time when a period of time specified by the time
schedule has elapsed after the decompression start signal was

Tokyo (JP) received. The vascular diameter measuring unit 18 deter-
mines the vascular diameters based on the ultrasonic tomog-
raphy images of a blood vessel at rest and after the release of

(21) Appl. No.: 12/375,622 the avascularization which are stored in the image storage
unit 22. Based on those diameter values, the largest vascular
. diameter deducing unit 20 and the % FMD calculation unit 21
(22) PCT Filed: Aug. 4,2006 perform the deduction of the largest after-release vascular
diameter and the calculation of the % FMD, respectively.
Therefore, after the avascularization is started, itis possible to
(86) PCT No.: PCT/JP2006/315502 automatically perform the process from saving a measure-
ment image to the calculation of the % FMD without the
§371 (o)1), operator’s aid. Accordingly, the operator’s inconvenience in
(2), (4) Date: Jan. 29, 2009 performing a % FMD can be significantly decreased.
| 13 15 |
: 12 / N4 |
! ULTRASONIC DISPLAY i
: TS S ION -~ SIGNAL [ PROCESSOR |
: PROCESSOR :
; | || 2
| 17 | 7
Ao ] o :
11 ™ INPUT UNIT — CONTROLLER [— MEASURING IMAGE |
' — STORAGE | |
' UNIT UNIT I
e -t [ 19 |
B MEASUREMENT} |
. ¢—|  RESULT ¢—{ SCHEDULE | |
A : MEMORY MEMORY | .
: j t UNIT UNIT :
! AVASCULARIZATION | | | I X !
: CONTROLLER E : VL:SR(?&&TR .20 2y |
N IS R 34 | ' $— DIAMETER |
: ! X DEDUCING :
20 -4, PRESSPUMP | | | ! UNIT |
X N ! | |
A %MD |21 |
i, @—CALCULATION |
e e R R 1 ! UNIT :
! “ CARDIAC T J
; CYCLE ! N\
Y SIGNAL !
40 OBTAINMENT ! 10
' 42 UNIT !



Patent Application Publication  Dec. 24,2009 Sheet 1 of 4 US 2009/0318807 A1

Fig. 1
| /12 /13 /14 15 |
; ULTRASONIC DISPLAY :
. TRANSMISSION | [ | :
! CONTROLLER [T ppdlohL | [T PROCESSOR :
; l || | 2 |
E 16 17 VAscuLAr | 18 | /
b1 INPUT UNIT — CONTROLLER |— MDéﬁ'\S’ﬂFN% —] SP(I)IAF\{C:\EE :
! UNIT UNIT '
e l 19 :
K MEASUREMENT |~ i
' ¢—| RESULT ®—| SCHEDULE | !
Ay R B MEMORY MEMORY | !
| Co UNIT UNIT :
| AVASCULARIZATION | ' | ! | T
: CONTROLLER ] LARGEST |20 by |
; 31 a0 | ! VASCULAR :
b= 32 o DIAMETER !
; vl DEDUCING !
s -4, PRESS PUMP o UNIT :
5 33 i %MD 21 :
""""""""""""""""" ' @—CALCULATION :
F e 2] UNIT ;
41 CARDIAC e I
! C{/‘ CYCLE : N\
Yy, SIGNAL :
40 OBTAINMENT | 10
| 42 UNIT !

________________________________



Patent Application Publication  Dec. 24,2009 Sheet 2 of 4 US 2009/0318807 A1

Fig. 2
( START )
v

S11 SETTING THE TIME SCHEDULE

S12 FIXING THE PROBE

S18 | OBTAINMENT OF A RESTING VASCULAR IMAGE

S14 AVASCULARIZATION

|

815 RELEASE

S16 STORING THE AFTER-RELEASE VASCULAR IMAGE

¢

S17 MEASURING THE VASCULAR DIAMETER

v

S18 DEDUCING THE LARGEST VASCULAR DIAMETER

S19 CALCULATION OF %FMD

( e )




Patent Application Publication  Dec. 24,2009 Sheet 3 of 4 US 2009/0318807 A1

Fig. 3

51, 5

RESTIN
VASCUTAR DIAMETER [vaSElT R BIAE er
53 rECG SYNC——  —iME scHEDULE

56 |55
® ON O OFF NUMBER OF IMAGES [ 12 [v]
(UP TO 12)
~DATA CALL——

54 #1 [ 20 |sec. #7 [ 80 ]sec
© PREVIOUS #2 [ 30 |sec. #8 [ 90 |sec
O\D//EEGI%T1 #3 | 40 |sec. #9 Sec
o \[}Efﬁ‘gé_]'z #4 Sec. #10 Sec.
O NTG #5 Sec. #11 Sec.

#6 | 70 |sec. #12 Sec.
DELETE
save ¥ 8y ok CANCEL

Fig. 4




Patent Application Publication  Dec. 24,2009 Sheet 4 of 4 US 2009/0318807 A1

AT TIAT I T S B I 2 B 0 B e 2o s T
AR AR AR A R AR A R R R R A R A R R L A R LRSS NANRARANNAY
ARANHERRHAAAR LR R AR RA N LR RO AR AN NN ANNANANANAA
RO AR AR AR R A A A A A A R L A L R R R NS

AR AR R AR AR A AR L AR AR R A AR A NS

AR IR AL A R A R AR LAY )
ARLLURNARNR S SN ONUR AR NN LAY
%Y

AARR R AR5

-{: AR ARRAARR AR AR A A A A R AR R A A A A R R T T T T T T NN s s LU R R R Y
AR R R R AR R AR R A A R R A R A R A A A R R R A R R A AR N a RN
\\\\\\\\\\\\\\\\\\\\\t:\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

AR AR RY




US 2009/0318807 A1l

ULTRASONOGRAPH

TECHNICAL FIELD

[0001] The presentinvention pertains to an ultrasonograph,
and particularly to an ultrasonograph preferably used for the
measurement of a vascular diameter.

BACKGROUND ART

[0002] Since arteriosclerosis causes examples of heart dis-
ease such as angina pectoris and myocardial infarction, cere-
bral infarction, and other diseases, it is preferable to regularly
perform an examination. One known method for noninva-
sively assessing the pliancy of a blood vessel for an early
diagnosis of arteriosclerosis is a flow mediated dilation
(FMD) test using an ultrasonograph (refer to Patent Docu-
ment 1 for example).

[0003] A flow mediated dilation is a reaction in which an
increase in blood flow generates a shear stress which acts on
the vascular endothelium, causing nitric monoxide which is a
vasodilating agent to generate from an endocapillary cell and
dilate the vascular diameter. In a flow mediated dilation test,
the dilation degree of the vascular diameter in the brachial
region is measured when an antebrachial region has been
avascularized for a given period of time and then quickly
released. The % FMD which represents the dilation degree is
defined with the following formula:

Dy -Dy . M
% FMD = == x100.%)
o

where, D, represents the largest vascular diameter at rest
before the avascularization (which will be hereinafter called
the “largest resting vascular diameter”), and D, represents the
largest vascular diameter after the release of the avasculariza-
tion (which will be hereinafter called the “largest after-release
vascular diameter”).

[0004] The flow mediated dilation test (which will be here-
inafter called a “% FMD measurement™) is performed as
follows. First, an ultrasonic probe is applied to the brachial
region of a subject, and a tomographic image of a brachial
artery at rest is portrayed by an ultrasonic scan. The vascular
tomographic image obtained by the ultrasonic scan is
renewed at predetermined intervals to be displayed on the
monitor as a moving image. Next, the antebrachial region of
the subject is compressed with a cuff for avascularization for
a given period of time, and after that, the tomographic image
of the brachial artery after a quick release is taken. The ultra-
sonic images taken in a series of imagings are saved by a
video cassette recorder (VCR). After the imaging is finished,
an operator plays the moving image recorded by the VCR and
selects an image appropriate for the measurement of the larg-
estresting vascular diameter and largest after-release vascular
diameter. After that, the diameter of the blood vessel por-
trayed in each image is measured by an image analysis. With
the largest resting vascular diameter D, and the largest after-
release vascular diameter D, obtained by this operation, the %
FMD is calculated based on the formula (1).

[0005] [Patent Document 1] Japanese Unexamined Patent
Application Publication No. 2003-180690 ([0002])

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0006] As previously described, a % FMD measurement is
cumbersome in that, after the imaging is finished, an operator
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has to play the images recorded by a VCR and select an
appropriate image for the measurement of the vascular diam-
eter. In addition, in a % FMD measurement, only the images
synchronized with the cardiac cycle’s R-wave, i.e. the ultra-
sonic images obtained in a vasodilatory period, are generally
used as a measurement object in order to exclude the influ-
ence of the heart throb on the vascular diameter’s change.
Accordingly, performing an imaging as previously described
requires the following operation: detect a cardiac cycle by an
electrocardiograph while simultaneously performing an
ultrasonic scan, and after the imaging is finished, select an
image appropriate for the measurement of the largest resting
vascular diameter Do and the largest after-release vascular
diameter D, while referring to the ultrasonic scan images and
the electrocardiographic waveform recorded in the VCR.
Thus, the image selection operation is troublesome.

[0007] Inaddition, instoring aseries of images by the VCR,
the avascularization release time (i.e. decompression start
time) is not recorded. Therefore, in order to know how many
seconds have elapsed from the release of the avascularization
until the obtainment of the image selected for the measure-
ment, the operator has to record, in imaging, the decompres-
sion start time and based on that, calculate the elapsed time
since the initiation of the decompression.

[0008] Generally, in obtaining the largest after-release vas-
cular diameter D, the vascular diameter at rest and those ata
plurality of points in time after the avascularization release
are measured, and the largest after-release vascular diameter
D, is deduced based on the plural measurement values thus
obtained. However, such deduction of the largest vascular
diameter and the calculation of the % FMD after that are
performed by a personal computer provided independently
from the ultrasonograph, which leads to a low work effi-
ciency.

[0009] The present invention has been accomplished to
solve such problems, and the objective thereof is to provide an
ultrasonograph capable of simply and easily performing a %
FMD measurement.

Means for Solving the Problems

[0010] To solve the previously described problems, the
present invention provides an ultrasonograph including an
ultrasonic image generator for transmitting and receiving an
ultrasonic wave for a subject and generating ultrasonic
images of the subject from obtained echo data, including: a
schedule setting means for setting a time schedule which
contains timings of storing the ultrasonic images; and an
image storing means for storing each of the ultrasonic images
as an image file at a point in time when a period of time
specified by the schedule has elapsed after a predetermined
trigger signal was generated.

[0011] The image storing means may preferably have a
function of saving the ultrasonic image under a file name
including a code indicating an elapsed time after the trigger
signal is generated and before the image is stored.

[0012] As the trigger signal, a signal generated in response
to the operation of a predetermined key, button, etc provided
on the main body of the ultrasonograph can be used for
example. In this case, when an operator operates the key or the
like in accordance with the timing of the avascularization
release by the cuff, an image storing in accordance with the
time schedule is performed.

[0013] Theultrasonograph may include an automatic avas-
cularization means for compressing a body surface of a sub-
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ject to avascularize a blood vessel to be diagnosed, decom-
pressing after a predetermined period of time to release the
avascularization, and simultaneously providing a decompres-
sion start signal. In this case, the decompression start signal
may be used as the trigger signal.

[0014] Preferably, the ultrasonograph according to the
present invention may further include a cardiac cycle detector
for detecting the cardiac cycle of the subject and transmitting
a cardiac cycle signal synchronized with the cardiac cycle,
and a generation of an image by the ultrasonic image genera-
tor or a storing of an image by the image storing means may
be performed at a timing synchronized with the cardiac cycle.

[0015] In addition, the ultrasonograph according to the
present invention may preferably further include: a vascular
diameter measurement means for measuring a vascular diam-
eter based on an ultrasonic tomography image of a blood
vessel stored in the image storing means; and a % FMD
calculator for calculating a % FMD based on a vascular
diameter at rest and a vascular diameter after a release of an
avascularization measured by the vascular diameter measure-
ment means.

EFFECTS OF THE INVENTION

[0016] With the ultrasonograph according to the present
invention which has the aforementioned configuration, the
storing of the ultrasonic tomography image (still image) is
performed at a previously specified timing after the release of
an avascularization. Therefore, the operator does not need to
take time for the following conventional tasks: playing the
images recorded in the VCR after the imaging is completed,
and selecting images appropriate for the measurement of the
largest resting vascular diameter and the largest after-release
vascular diameter. In the case where a code indicating the
elapsed time is included in the name of the image file, even in
observing the image at a later time, it is possible to easily
know in what situation the image was obtained, which serves
the diagnosis.

[0017] In the case where the ultrasonograph includes the
cardiac cycle detector and the generation or storing of an
ultrasonic image is performed at a timing synchronized with
the subject’s cardiac cycle, the measurement of the vascular
diameter can always be performed based on the ultrasonic
image corresponding to the same cardiac phase. Hence, the
influence of the heart throb on the vascular diameter’s change
can be excluded, which brings about a higher reliable diag-
nosis.

[0018] In the case where the ultrasonograph includes the
automatic avascularization means as previously described
and the decompression start signal provided from the auto-
matic avascularization means is used as the trigger signal, it is
possible to link the automatic avascularization means and the
image storing means. Consequently, after the avasculariza-
tion is started, the storing of the measurement images can be
automatically performed without troubling the operator.

[0019] In the case where the ultrasonograph includes the
vascular diameter measurement means and the % FMD cal-
culator as previously described, after the avascularization is
started, the following process can be automatically performed
without the operator’s aid: storing of the measurement image,
measurement of the vascular diameter, and the calculation of
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the % FMD. Accordingly, a % FMD measurement which has
been cumbersome can now be easily performed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a block diagram illustrating a schematic
configuration of an ultrasonograph according to an embodi-
ment of the present invention.

[0021] FIG. 2 is a flowchart illustrating the procedure of a
% FMD measurement using the ultrasonograph according to
the same embodiment.

[0022] FIG. 3is a diagram illustrating an example of a time
schedule setting window in the ultrasonograph according to
the same embodiment.

[0023] FIG. 4 is a pattern diagram illustrating the state
where an ultrasonic probe according to the same embodiment
is applied to the subject’s brachial region.

[0024] FIG. 5 is a diagram illustrating an example of an

axial tomographic image of a brachial artery.
EXPLANATION OF NUMERALS

[0025] 10 ... Main Body of Ultrasonograph

[0026] 11 ... Ultrasonic Probe

[0027] 12 ... Transmission Controller

[0028] 13 ... Ultrasonic Signal Processor

[0029] 14 ... Display Processor

[0030] 15...Monitor

[0031] 16 ... Input Unit

[0032] 17 ... Controller

[0033] 18 ... Vascular Diameter Measuring Unit

[0034] 19 ... Measurement Result Memory Unit

[0035] 20 ... Largest Vascular Diameter Deducing Unit

[0036] 21 ...% FMD Calculation Unit

[0037] 22...Image Storage Unit

[0038] 23 ...Schedule Memory Unit

[0039] 30 ... Avascularization Unit

[0040] 31...Cuff

[0041] 32...Air Pipe

[0042] 33 ...Press Pump

[0043] 34 ... Avascularization Controller

[0044] 40 ... Cardiac Cycle Detection Unit

[0045] 41 ... Electrocardiographic Detection Sensor

[0046] 42 ... Cardiac Cycle Signal Obtainment Unit

[0047] 70 ... Brachial Artery

[0048] 71 ... Intravascular Lumen

[0049] 72 ... Vascular Wall

BEST MODE FOR CARRYING OUT THE
INVENTION

[0050] Hereinafter, the best mode for carrying out the
present invention will be described using an embodiment.
FIG. 1 illustrates a schematic configuration of an ultrasono-
graph according to the present embodiment.

[0051] Anultrasonic probe 11 transmits an ultrasonic wave
to the inside of the body of a subject and simultaneously
receives the ultrasonic wave reflected inside the subject’s
body to convert it into an electrical signal. A transmission
controller 12 controls the ultrasonic beam scan by the ultra-
sonic probe 11.

[0052] The electrical signal of the reflected ultrasonic wave
provided by the ultrasonic probe 11 is fed to an ultrasonic
signal processor 13. The ultrasonic signal processor 13 per-
forms a data processing to the electrical signal appropriate for
displaying the image, such as a phased summation, gain
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adjustment or logarithmic compression. After the processing,
the data is delivered from the ultrasonic signal processor 13 to
a display processor 14. In the display processor 14, an elec-
trical signal to be displayed on a monitor 16 is created from
the image data, and the electrical signal is displayed on the
monitor 15. The operations described to this point are
repeated at predetermined intervals, and the ultrasonic
images are displayed on the monitor 15 as a moving image.
The ultrasonic images may be saved in an image storage unit
22 composed of a storage device such as a hard disk in
response to the operator’s instruction. In addition, a time
schedule which contains timings of storing images may be
saved in a schedule memory unit 23, in which case the ultra-
sonic images can be automatically stored in the image storage
unit 22 in accordance with the time schedule.

[0053] A vascular diameter measuring unit 18 performs the
detection of a vascular wall and the measurement of the
distance between the vascular walls by using a predetermined
image analysis algorithm to the blood vessel’s tomographic
image stored in the image storage unit 22 in order to derive the
vascular diameter. A measurement result memory unit 19
stores the measurement result by the vascular diameter mea-
suring unit 18, and a largest vascular diameter deducing unit
20 deduces the largest after-release vascular diameter from a
plurality of measurement values stored in the measurement
result memory unit 19. Based on the values of the largest
after-release vascular diameter D, and the largest resting vas-
cular diameter D, thus obtained, the value of the % FMD is
calculated in a % FMD calculation unit 21.

[0054] Each of the aforementioned units is controlled by a
controller 17 which is composed of a central processing umit
(CPU) or the like. To the controller 17, an input unit 16 is
connected which is composed of a pointing device such as a
mouse or trackball, keyboard, or other units for allowing the
user to enter the setting, instruction, etc.

[0055] In addition, the controller 17 is connected to an
avascularization unit 30 for avascularizing the subject’s bra-
chial artery and a cardiac cycle detection unit 40 for detecting
the subject’s cardiac cycle. The avascularization unit 30 has a
cuff 31 which is wrapped around the subject’s antebrachial
region to be used, an air pipe 32 and a press pump 33 for
pumping air into the cuff 31, and an avascularization control-
ler 34 for controlling these units. The press pump 33 has an
electromagnetic valve for discharging the air. When an avas-
cularization is released, the electromagnetic valve is opened,
and simultaneously a signal (which will be hereinafter called
a“decompression start signal”) for indicating the initiation of
the decompression of the cuff 31 is provided to the controller
17 in the main body 10 of the ultrasonograph. Additionally, an
instruction from the operator can be given to the avascular-
ization controller 34 through the input unit 16 provided in the
main body 10 of the ultrasonograph.

[0056] The cardiac cycle detection unit 40 is composed of
an electrocardiographic detection sensor 41 and a cardiac
cycle signal obtainment unit 42. The electrocardiographic
detection sensor 41 is a unit for detecting the subject’s elec-
trocardiogram and is attached to the body surface adjacent to
the subject’s heart. An existing electrocardiographic mea-
surement sensor can be used as the electrocardiographic
detection sensor 41. The electrocardiographic detection sig-
nal provided from the electrocardiographic detection sensor
41 is fed to the cardiac cycle signal obtainment unit 42. The
cardiac cycle signal obtainment unit 42 obtains the cardiac
cycle from the provided electrocardiographic detection signal
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and transmits a signal (cardiac cycle signal) to the controller
17 of the main body 10 of the ultrasonograph. In the present
invention, the cardiac cycle signal may be, for example, a sine
wave signal synchronized with the electrocardiogram, a
pulsed signal transmitted at a given phase of the cardiac cycle,
or other type of signal.

[0057] Next, a procedure of a % FMD measurement using
the ultrasonograph according to the present embodiment will
be described by using the flowchart of FIG. 2.

(1) Setting the Time Schedule (Step S11)

[0058] When the operator performs a predetermined opera-
tion through the input unit 16, a time schedule setting window
as illustrated in FIG. 3 is displayed on the monitor 15. This
time schedule setting window is used to set the conditions for
saving the images for measuring the largest vascular diameter
at rest (which will be hereinafter called a “resting vascular
image”) and the images for measuring the largest vascular
diameter after the release (which will be hereinafter called an
“after-release vascular image™) in the image storage unit 22.
By clicking the tabs 51 and 52 provided inside the window, it
is possible to switch the setting window for saving a resting
vascular image and the setting window for saving an after-
release vascular image. In the figure, the setting window for
saving an after-release vascular image is illustrated. The set-
ting window for saving an after-release vascular image is
composed of an electrocardiogram (ECG) synchronization
setting field 53, a data call selection field 54, and a time
schedule setting field 55.

[0059] In the ECG synchronization setting field 53, it is
possible to select whether or not to perform an image saving
synchronized with the cardiac cycle signal by the electrocar-
diographic detection sensor 41. In the case where the “ON”
option is selected, only an ultrasonic image at a predeter-
mined cardiac phase (generally the R-wave) is stored in the
image storage unit 22, and in the case where the “OFF” option
is selected, an image saving is performed regardless of the
cardiac phase. The time schedule setting window 55 is pro-
vided in order to set the timing of an image saving. The
operator selects the number (up to 12) of images to be saved
from the pull-down menu 56 and fills in the values of the fields
#1 through #12 in accordance with the number of images to
specify the period of time from the initiation of the decom-
pression to the saving of the image. In the time schedule
setting field 55, the numerical values can be entered through
a keyboard or other device provided in the input unit 16.
Alternatively, any one of the “previous data” (i.e. the most
recently used time schedule), “default values 17, “default
values 27, and “NTG” (i.e. the time schedule used in measur-
ing the vascular diameter’s rate of change after a nitroglycerin
administration) may be selected in the data call selection field
54 to read out an existing time schedule. After filling in each
field, the “SAVE” button 57 may be clicked to save these
settings so that they can be called and used according to
necessity in subsequent measurements. In the setting window
for saving a resting vascular image, only an ECG synchroni-
zation setting field 53 which is the same as described earlier is
provided.

[0060] When the input in the time schedule setting window
is completed, and the operator clicks the “OK” button 58, the
time schedule setting window is terminated and these settings
are saved in the schedule memory unit 23.

(2) Fixing the Probe (Step S12)

[0061] Next, the electrocardiographic detection sensor 41
is attached to the subject’s chest region, the cuff 31 is wrapped
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around the antebrachial region, and the subject is kept at rest
for fifteen minutes. Then, the probe 11 is applied to a prede-
termined position of the brachial region 60 (FIG. 4). At this
point in time, the probe 11 is set in such a manner that the
array direction of the oscillator array (i.e. the scan direction of
the ultrasonic beam) and the axial direction of the arm are
parallel. Subsequently, the ultrasonic beam scan by the probe
11 is performed and an axial tomographic image of the bra-
chial artery 70 as illustrated in FIG. 5 is portrayed on the
monitor 15. The operator searches for the position where the
diameter of the portrayed blood vessel 70 is largest by manu-
ally moving the position and angle of the probe 11 while
looking at the image on the monitor 15, and fixes the probe 11
with a fixture (not shown) so that the probe will not move
from the position.

(3) Saving a Resting Vascular Image (Step S13)

[0062] During the aforementioned state, ultrasonic images
are taken. And then, when the operator performs a predeter-
mined operation through the input unit 16, the controller 17
saves the images at the timing corresponding to the cardiac
cycle signal transmitted by the cardiac cycle signal obtain-
ment unit 42 (in the case where the ECG synchronization is in
the “ON” state). That is, after the instruction by the operator,
the images are saved at the timing corresponding to the first
R-wave and stored in the image storage unit 22. In the case
where the ECG synchronization is in the “OFF” state, the
storing of the ultrasonic images is performed, regardless of
the cardiac phase, at the point in time where the operator’s
instruction is received. The operator may perform the prede-
termined operation plural times to save a plurality of resting
vascular images.

(3) Avascularization (Step S14) and Release (Step S15)

[0063] After the storing of the resting vascular image is
completed, the operator performs a predetermined operation
through the input unit 16 to initiate the avascularization of the
brachial artery by the cuff 31. In the avascularization unit 30,
the avascularization controller 34 controls the press pump 33
to pump air into the cuff 31 which is wrapped around the
subject’s antebrachial region and halts the air supply when the
pressure reaches 250 mmHg. Five minutes later, the avascu-
larization controller 34 opens the electromagnetic valve pro-
vided in the press pump 33 in order to discharge the air to
quickly reduce the pressure. Upon opening the electromag-
netic valve, the avascularization controller 34 also transmits a
decompression start signal to the controller 17 in the main
body 10 of the ultrasonograph.

(5) Saving an After-Release Vascular Image (Step S16)

[0064] When the decompression start signal is fed to the
controller 17, the controller 17 refers to the time schedule
stored in the schedule memory unit 23, and saves an ultra-
sonic image in the image storage unit 22 as an image file at
every point in time when the time that has elapsed since the
reception of the decompression start signal reaches a prede-
termined period of time specified in the time schedule. For
example, in the case where a time schedule as illustrated in
FIG. 3 is set, the first R-wave synchronized image is saved
twenty seconds after the reception of the decompression start
signal, and subsequently eleven R-wave synchronized images
are saved at ten second interval. Simultaneously, a portion of
the file name of each generated image file is set to include a
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code indicating the timing when the image has been saved
(i.e. the elapsed time from the initiation of the decompres-
sion). The ultrasonic scan is terminated when all the ultra-
sonic images have been saved at all the timings specified by
the time schedule (in this embodiment, at twelve points cor-
responding to the elapsed times #1 through #12). After receiv-
ing the decompression start signal, preferably, the number of
seconds that have elapsed after the initiation of the decom-
pression may be superimposed on an ultrasonic image, and
the elapsed time may be saved with the ultrasonic image.

(6) Measuring a Vascular Diameter (Step S17)

[0065] After the imaging is completed, each image file
stored in the image storage unit 22 is transmitted to the vas-
cular diameter measuring unit 18. In the vascular diameter
measuring unit 18, for the image data (or brightness value of
each picture element) of the resting vascular image and after-
release vascular image stored in the image storage unit 22, the
boundary positions (which are indicated by the arrows in FIG.
5) between the intravascular lumen 71 and two vascular walls
72 (one wall closer to the skin and the other farther from it) are
detected based on the brightness distribution. The distance
between the two boundary positions is measured as the vas-
cular diameter. The measurement value obtained for each
image is stored in the measurement result memory unit 19.
Forsuch a detection of the vascular walls and measurement of
the vascular diameter, a conventionally known algorithm can
be used for example.

(7) Deduction of the Largest after-release Vascular Diameter
(Step S18) and Calculation of the % FMD (Step S19)
[0066] After the vascular diameter measurement for all the
images is completed, the measurement values for the vascular
diameter at rest and at each of the elapsed times #1 through
#12 after the avascularization release are read out from the
measurement result memory unit 19 to the largest vascular
diameter deducing unit 20. Then, based on these values, the
value of the largest after-release vascular diameter D, is
deduced by a regression analysis. After that, using the value
of D, and the value of the largest resting vascular diameter D,
stored in the measurement result memory unit, the % FMD is
calculated by the aforementioned formula (1). The obtained
result is displayed on the monitor 15.

[0067] As just described, with the ultrasonograph accord-
ing to the present embodiment, after a time schedule is set in
advance, the resting vascular images are stored, and the avas-
cularization by the cuff is started, the following process is
automatically performed without the operator’s aid: the sav-
ing of the after-release vascular images, measurement of the
vascular diameter, deduction of the largest after-release vas-
cular diameter, and calculation of the % FMD. Accordingly,
the operator’s inconvenience in performing a % FMD mea-
surement is decreased and the measurement can be simply
and easily performed. In addition, each image file which is
stored in the image storage unit is given a file name including
acode that indicates how many seconds has elapsed from the
initiation of the decompression when the image concerned
has been obtained. Therefore, when looking at the image file
at a later date, the operator can know at a glance in what
situation the image has been taken.

[0068] Thebest mode for carrying out the present invention
has been described so far using an embodiment. However, it
should be noted that the present invention is not limited to the
previously described embodiment, and a variety of modifica-
tions are allowed within the spirit of the present invention. For
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example, the ultrasonograph according to the present inven-
tion may preferably be configured as a single apparatus that
can independently perform the operations from taking an
ultrasonic image to calculating the % FMD as in the afore-
mentioned embodiment: however, this configuration is
merely an option. For example, the ultrasonograph may be
designed to perform Steps S11 through S17 yet leave Steps
S18 and S19 to be performed by a personal computer or other
devices provided separately from the ultrasonograph.

[0069] The ultrasonograph according to the present inven-
tion may be used for a % FMD measurement as previously
described, and in addition, it may be used for the measure-
ment of a stiffness parameter 3, which is an index of'a degree
of vascular sclerosis, or other measurements. In such a case,
since a blood pressure measurement must be performed
simultaneously with an ultrasonic scan, an avascularization
unit with a function of measuring the blood pressure should
be used.

1. An ultrasonograph including an ultrasonic image gen-
erator for transmitting and receiving an ultrasonic wave for a
subject and generating ultrasonic images of the subject from
obtained echo data, comprising:

a) a schedule setting means for setting a time schedule
which contains timings of storing the ultrasonic images;
and

b) an image storing means for storing each of the ultrasonic
images as an image file at a point in time when a period
of time specified by the time schedule has elapsed after
a predetermined trigger signal was generated.

2. The ultrasonograph according to claim 1, wherein the
image storing means saves the ultrasonic image under a file
name including a code indicating an elapsed time after the
trigger signal is generated and before the image is stored.

3. The ultrasonograph according to claim 1, further com-
prising

¢) an automatic avascularization means for compressing a
body surface of a subject to avascularize a blood vessel
to be diagnosed, decompressing after a predetermined
period of time to release the avascularization, and simul-
taneously providing a decompression start signal,
wherein

the image storing means operates with the decompression
start signal as the trigger signal.

4. The ultrasonograph according to claim 1, further com-

prising

d) a cardiac cycle detector for detecting a cardiac cycle of
the subject and transmitting a cardiac cycle signal syn-
chronized with the cardiac cycle, wherein

a generation of an image by the ultrasonic image generator
or a storing of an image by the image storing means is
performed at a timing synchronized with the cardiac
cycle.

5. The ultrasonograph according to claim 1, further com-

prising:

e) avascular diameter measurement means for measuring a
vascular diameter based on an ultrasonic tomography
image of a blood vessel stored by the image storing
means; and

f) a% FMD calculator for calculating a % FMD based on
avascular diameter at rest and a vascular diameter after
arelease of an avascularization measured by the vascu-
lar diameter measurement means.

6. The ultrasonograph according to claim 2, further com-

prising

Dec. 24, 2009

¢) an automatic avascularization means for compressing a
body surface of a subject to avascularize a blood vessel
to be diagnosed, decompressing after a predetermined
period of time to release the avascularization, and simul-
taneously providing a decompression start signal,
wherein

the image storing means operates with the decompression
start signal as the trigger signal.

7. The ultrasonograph according to claim 2, further com-

prising

d) a cardiac cycle detector for detecting a cardiac cycle of
the subject and transmitting a cardiac cycle signal syn-
chronized with the cardiac cycle, wherein

a generation of an image by the ultrasonic image generator
or a storing of an image by the image storing means is
performed at a timing synchronized with the cardiac
cycle.

8. The ultrasonograph according to claim 3, further com-

prising

d) a cardiac cycle detector for detecting a cardiac cycle of
the subject and transmitting a cardiac cycle signal syn-
chronized with the cardiac cycle, wherein

a generation of an image by the ultrasonic image generator
or a storing of an image by the image storing means is
performed at a timing synchronized with the cardiac
cycle.

9. The ultrasonograph according to claim 6, further com-

prising

d) a cardiac cycle detector for detecting a cardiac cycle of
the subject and transmitting a cardiac cycle signal syn-
chronized with the cardiac cycle, wherein

a generation of an image by the ultrasonic image generator
or a storing of an image by the image storing means is
performed at a timing synchronized with the cardiac
cycle.

10. The ultrasonograph according to claim 2, further com-

prising:

e) avascular diameter measurement means for measuring a
vascular diameter based on an ultrasonic tomography
image of a blood vessel stored by the image storing
means; and

) a % FMD calculator for calculating a % FMD based on
a vascular diameter at rest and a vascular diameter after
arelease of an avascularization measured by the vascu-
lar diameter measurement means.

11. The ultrasonograph according to claim 3, further com-

prising:

e) avascular diameter measurement means for measuring a
vascular diameter based on an ultrasonic tomography
image of a blood vessel stored by the image storing
means; and

) a % FMD calculator for calculating a % FMD based on
a vascular diameter at rest and a vascular diameter after
arelease of an avascularization measured by the vascu-
lar diameter measurement means.

12. The ultrasonograph according to claim 4, further com-

prising:

e) avascular diameter measurement means for measuring a
vascular diameter based on an ultrasonic tomography
image of a blood vessel stored by the image storing
means; and

) a % FMD calculator for calculating a % FMD based on
a vascular diameter at rest and a vascular diameter after
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a release of an avascularization measured by the vascu-
lar diameter measurement means.

13. The ultrasonograph according to claim 6, further com-

prising:

e) avascular diameter measurement means for measuring a
vascular diameter based on an ultrasonic tomography
image of a blood vessel stored by the image storing
means; and

) a % FMD calculator for calculating a % FMD based on
a vascular diameter at rest and a vascular diameter after
a release of an avascularization measured by the vascu-
lar diameter measurement means.

14. The ultrasonograph according to claim 7, further com-

prising:

e) avascular diameter measurement means for measuring a
vascular diameter based on an ultrasonic tomography
image of a blood vessel stored by the image storing
means; and

) a % FMD calculator for calculating a % FMD based on
a vascular diameter at rest and a vascular diameter after
a release of an avascularization measured by the vascu-
lar diameter measurement means.

15. The ultrasonograph according to claim 8, further com-

prising:

e) avascular diameter measurement means for measuring a
vascular diameter based on an ultrasonic tomography
image of a blood vessel stored by the image storing
means; and
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) a % FMD calculator for calculating a % FMD based on
a vascular diameter at rest and a vascular diameter after
arelease of an avascularization measured by the vascu-
lar diameter measurement means.

16. The ultrasonograph according to claim 9, further com-

prising:

e) avascular diameter measurement means for measuring a
vascular diameter based on an ultrasonic tomography
image of a blood vessel stored by the image storing
means; and

) a % FMD calculator for calculating a % FMD based on
a vascular diameter at rest and a vascular diameter after
arelease of an avascularization measured by the vascu-
lar diameter measurement means.

17. The ultrasonograph according to claim 1, further com-
prising an input device for allowing a user to perform an
operation, wherein a signal generated by the input device in
response to a predetermined operation by the user is used as
the trigger signal.

18. The ultrasonograph according to claim 1, further com-
prising a display unit, wherein the schedule setting means has
functions of creating a user input interface on the display unit,
calling an existing time schedule and showing this time
schedule on the display unit.

19. The ultrasonograph according to claim 18, further com-
prising a schedule memory unit, wherein the schedule setting
means has a function of saving a time schedule shown on the
display device in the schedule memory unit.

* ok ok k¥



TRAFROE) BERE
NIF(2E)E US20090318807A1
HiES US12/375622

IR E(ERIR)AGE) R8RSR

i (E R AGR) B EHIERT
Bk X CO. , LTD.

HA R EEANR)AGE) SFEFERR

[#R1 & BB A KATOH JUN ICHI

ITOH MASAO
KHEA KATOH, JUN-ICHI

ITOH, MASAO
IPCH =S A61B8/00 A61B5/02
CPCH¥= A61B8/0858 A61B5/02007
SNERaE Espacenet USPTO
FEOF)

ATE R EME T23FM A TREREMAELREN T EER, MEFHKLE
TU30E4E 37 E B Ak 3h Bk X 3 A ERE B Bk I B 4L | FEFUE B (B B 2 IS 1%
BOEFR , HRNSBREFRES KIEBEHE17 2581 7TTERE
GEHERGEMET22P, EERIBERTRES ZFLT T AN
BREEWNERNNER,. IEERNEL T18ETFHERGFMH
B U227 H E BT AR BRI B RR S Y I B F R 7 R T R R 15 SR B E
EER, ETXEERE , RANEERH#ESET20M%FMDITEE T
219 AR ITRABRKENEBERNHES M %FMDIITE, Hit , FEFFH
mEZE , TREEREREEHPHBERTEIRTINRENEER K
B|%FMDIITEMERRE, Hitt , T EBERERIEEIIT%FMDIH T

&,

pat
2009-12-24
2006-08-04
13 14

snap

ULTRASONIC DISPLAY
SIGNAL PROCESSOR

PROC%SSOR

] L

2 |

) e L
b1t \IINPUTUNITHCONTROLLER|»MEASUR]NG — PACE |
UNIT |
' 19
MEASUREMENTL~ ;
| RESULT }—| SCHEDULE | |
MEMORY MEMORY | !
UNIT UNT | |
T '
v
LEE T =
H 7X 1
: DIAMETER '
: DEDUCING
UNIT
|
! %D |21
! @——ICALCULATION
| UNIT
“ CARDIAC N R
, Q/‘ (S X
P SIGNAL :
40" OBTAINVENT | 1 10
H 42 UNIT :



https://share-analytics.zhihuiya.com/view/872ab51e-a3ad-465f-abf9-72f4dfecc84c
https://worldwide.espacenet.com/patent/search/family/038996949/publication/US2009318807A1?q=US2009318807A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220090318807%22.PGNR.&OS=DN/20090318807&RS=DN/20090318807

