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(57) ABSTRACT

An ultrasound diagnostic apparatus according to an embodi-
ment includes a detector, a determination unit, a retention
controller, and a display controller. The detector is configured
to detect a peak flow velocity of blood flow velocities
acquired from Doppler waveforms collected in a time-serial
manner or a peak value of average flow velocities of the blood
flow velocities as a representative flow velocity for each pre-
defined period. The determination unit is configured to deter-
mine a maximum value in a predefined polarity of a plurality
of representative flow velocities. The retention controller is
configured to control a memory unit to retain maximum
waveform information that is Doppler waveform information
of Doppler waveforms collected for a period in which the
maximum value was detected. The display controller is con-

A61B 8/06 (2006.01) figured to control a display unit to display the maximum
A61B 8/00 (2006.01) waveform information with Doppler waveform information
A61B 8/08 (2006.01) having been collected by a present time point.
10
APPARATUR BODY ¢ 2
MORITOR
£3
112 INPUT
B0 DEVICE
A PROCESSING o4
P bl IMAGE
4 13 HEENERATING
5 — LNIT
ELECTRO DOPPLER
et - : PR GCESEING 15
CARDIOGRAPH e 2
p y IAGE
£ S MEMORY
ULTRASONIC TRANSMITTER- AT
PROBE RECENVER IIT duv
, N INTERNAL
118 MEMURY
UNIT
CONTROL ik
LT




Patent Application Publication = May 30, 2013 Sheet 1 of 18 US 2013/0137987 Al

FIG.1

¢ 1
ARPARATUS BODY (7
MONITOR
-~
12
{MALH
B-MODE DEVICE
~4PROCESSING ¢ 14
P 518 IMAGE
4 <13 GENERATING
: - UNIT
— DOPPLER |
ELECTRO- A BROCESBING 18
SCARDIOGRARH LT
» ” IMAGE
g ¢ MEMORY
ULTRASONIC THANSMITTER. N7
PROBE RECENVER UNIT :
_ INTERNAL
118 MEMORY
NET
CONTROL Al
UNIT




Patent Application Publication = May 30, 2013 Sheet 2 of 18 US 2013/0137987 Al

s D
&

053 bom

PIEA

Hadius 4.4
Aliss Vel 338 anfs
Flow Rate  38.90 miss

Vi ~2i4.5 e
YT ~B3.40 umn
PRG 30.2 kg
MEG 18,8 mmo
FlowVol 128 ml

ECARRs 345 om?




Patent Application Publication = May 30, 2013 Sheet 3 of 18 US 2013/0137987 Al

PIMA-T23FE-US

318
18 ¢ 15
CONTROL UNIT MAGE MEMORY
¢iBs ;182
- o COLLECTION
DETECTOR M L WAVEFORM DATA
(16D A5k
DETERMINATION DOPFLER WAVEFORM
UNET INFORMATION DATA
§“§6C
RETENTION
CONTROLLER
15d @
DISPLAY e
CONTROLLER » MUNITOR

THME



Patent Application Publication = May 30, 2013 Sheet 4 of 18

FIG.5

MAZIMUM FLOVWHNPUT PEAK FLOW
VELOCITY VELOCITY

g W

=

MAXIMUM FLOWHNPUT PEAK FLOW
VELOCITY VELDCITY

W1 Vi

% % VAays

MAXIMUM FLOWINPUT PEAK FLOW
VELOCITY YELOCITY

4 Va3

; j Va3

MAXIMUM FLOW|INPUT PEAK FLOW
VELOCITY VELOGITY

W2 W4

g i | Va<id

MAXIMUM FLOWHNPUT PEAK FLOW
YELOCITY VELOGITY

V4 VE

FIG.6

US 2013/0137987 A1

MAXIMUM WAVEFORM INFORMATION

MEASURED YALUE

MAXIMUM FLOW
VELOCETY

&

- PEAK PRESSURE

MEAN PRESSURE
GRADIENT

AVERAGE FLOW
VELOCITY

YT




Patent Application Publication =~ May 30, 2013 Sheet 5 of 18

FIG.7

{ UPDATE )

HD4)

US 2013/0137987 A1



Patent Application Publication = May 30, 2013 Sheet 6 of 18 US 2013/0137987 Al

FIG.8

106

103
¢
o -274.8 s
YTl 8340 cm

FPG P2mmby | "E;‘?




Patent Application Publication = May 30, 2013 Sheet 7 of 18 US 2013/0137987 Al

FIG.9A

D4)

RESET
@ A et

No DATA

FIG.9B

E % BEWCY

Lo I o o R R o I S LI - N 5 2

e
S

it
ik

12
13
14
15
16
7
18
14
20
21
28
23
24




Patent Application Publication = May 30, 2013 Sheet 8 of 18

g’-’ifi?}

DOPPLER WAVEFORM
INFORMATION DATA

D)

FIG.9C

=

US 2013/0137987 A1

g‘ﬁ

INTERNAL MEMORY

UNIT

KOS

FIG.10

100
§




Patent Application Publication = May 30, 2013 Sheet 9 of 18 US 2013/0137987 Al

FIG.11

START

<" HAVE DOFPLER ™=

~ WAVEFORMS FOR NEW ONE ™

S HEART BEAT PERIOD BEEN
. COLLECTED?

{}ﬁ?ﬁiﬂ' ?’E:.'i’sif( ¥~”§ DWVELOUTY

i}i:ETERMWE MAXIMUM FLOW

THAS MAXIMUM ™
" FLOWVELOCITY BEEN
o, UPDATED?

UPDATE MAXIMUM WAVEFGRM
INFORMATION IN IMAGE MEMORY

UPDATE DISPLAY OF MAXIMUM
WAVEFORM INFORMATION

- 5106

A FREEZE oo -
SUTTGN BEEN PRESSED o
e DOWR?

| DISPLAY CONTINUOUS DOPPLER
| WAVEFORMS CENTERINGON |
| DOPPLER WAVEFDRM OF MAXIMUM |

| WAVEFORM INFORMATION

5108




Patent Application Publication = May 30, 2013 Sheet 100f18  US 2013/0137987 A1

FIG.12

" HAS RESET CONDITION . NO
S, BEEN SATISFIED?

k3

Tves

DELETE MAXIMUM WAVEFORM
INFORMATION IN IMAGE MEMORY

FIG.13

& HAS STORAGE REQUEST ™y
", BEEN RECENED? -

ol

BUTPUT MAXIUM WAVEFORM
INFORMATION IN IMAGE MEMORY TO
SPECIFIED DEVICE

530z




Patent Application Publication =~ May 30, 2013 Sheet 11 0f18  US 2013/0137987 A1

FIG.14

134 103

Adisii Meard GHI b

B 4745 onds
Wit 340 cine
FPG 0.2 mmbg




Patent Application Publication

May 30, 2013 Sheet 12 of 18

FIG.15

MAXIMUM AVERAGE

INPUT AVERAGE

0

V1

-

(=Y

MAXIMUM AVERAGE

INPUT AVERAGE

V1

VY2

=

Wi(WER T2

MAXIMUM AVERAGE

INFUT AVERAGE

(V212

(V3213

US 2013/0137987 A1

(M2 V3RV2RVYS

MAXIMUM AVERAGE

INPUT AVERAGE

(B2

(V4+V3HV2YS

(7

(V3R (VAHAHV2)

MAXIMUM AVERAGE

INPUT AVERAGE

(B2

(VEHV4+Y3Y3

(=

(VIR TE<{VBH4VENI

MAXIMUM AVERAGE

INPUT AVERAGE

(VAN

(VBVEHVA)3




Patent Application Publication

May 30,2013 Sheet 13 of 18

FIG.16

No DATA

(UPDATE)

(UPDATE)

(UPDATE)

HD5)

US 2013/0137987 A1



Patent Application Publication =~ May 30, 2013 Sheet 14 0f18  US 2013/0137987 A1

MAXIMUM WAVEFORM INFORMATION
AVERAGE
COMPOUND \GE
IMAGE DATA |+ | MEASURED
Mo DATA
@ UPDATE
o) |
UPDATE
g
AVE (D), 1(D2))

@ | UPDATE
AVE (D13, HDR), HD3Y
AVE (D), HDE), HD3Y

7

AVE (D3}, KD4), KDEY

{ UPDATE.




Patent Application Publication

May 30,2013 Sheet 15 of 18

HDE) D7) HDIB)
MAXIMUM
WAVEFORM
INFORMATION
N y :
CONTINUOUS THREE HEART BEATS
LALEST L IPAST MAXIMUM] |PAST MAXIMUM
WAVEFGRM || WAVEFORM 11 WAVEFORM
INFORMATION | | INFORMATION | | INFORMATION

US 2013/0137987 A1




Patent Application Publication

May 30,2013 Sheet 16 of 18

FIG.20

MAXIMUM FLOW
VELDUITY AVERAGE

INPUT PEAK FLOW
VELOCITY

O

W1

4

{1

MAXIMUM FLOW
VELQCITY AVERAGE

INPUT PEAK FLOW
VELOCITY

s

Ve

4

Wiaye

US 2013/0137987 A1

MAXIMUM FLOW [INPUT PEAK FLOW
VELOCITY AVERAGE | VELOCITY
V2V V3
H2EVE |
MAXIMUM FLOW _[INPUT PEAK FLOW
VELOCITY AVERAGE|  VELOCITY
(V22 V4
@ (2224
MAXIMUM FLOW _[INPUT PEAK FLOW
VELOCITY AVERAGE!  VELOGITY
(V424 )7 V5
@ (VA2 Y35
MAXIMUM FLOW  INPUT PEAK FLOW
VELOCITY AVERAGE|  VELOCITY
(VBHVAH2)3 Ve




Patent Application Publication =~ May 30, 2013 Sheet 170f18  US 2013/0137987 A1

FIG.21

No DATA | | NoDATA || No DATA N
' {UPDATE)
No DATA || No DATA D1 i
{UPDATE)
No DATA KD2) D)
No DATA ID2)
(D4 HD2)
HD5) HD4) HD2)




Patent Application Publication

May 30,2013 Sheet 18 of 18

FIG.22

MAXIMUM FLOW
VELOUITY AVERAGE

INPUT AVERAGE

8

V1

{on

{1

MAXIMUM FLOW
VELOCITY AVERAGE

INFLUT AVERAGE

W1

(V2 1)i2

e

WA(MEH1Y2

MAXIMUM FLOW
VELOCITY AVERAGE

INPUT AVERAGE

V22

IS

-

US 2013/0137987 A1

(VRN (VA3

MAXIMUM FLOW S
VELOCITY AVERAGE | INPUT AVERAGE
(22 (VA2

=

(VBIVH2<(VA+VA+V2)/

MAXIMUM FLOW
VELQCITY AVERAGE

INPLUT AVERAGE

V2V

(VR

=

(FARV2 VY3V

MAXIMUM FLOW
YELOUITY AVERAGE

INPUT AVERAGE

(R4S

(VBHVEIVAYS




US 2013/0137987 A1

ULTRASOUND DIAGNOSTIC APPARATUS
AND IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2011-
262772, filed on Nov. 30, 2011; and Japanese Patent Appli-
cation No. 2012-228789, filed on Oct. 16, 2012, the entire
contents of all of which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnosis apparatus and an image processing
method.

BACKGROUND

[0003] Conventionally, an ultrasonic diagnosis apparatus
creates and displays blood flow information using Doppler
signals extracted from ultrasonic reflected waves. The blood
flow information created and displayed by the ultrasonic
diagnosis apparatus generally includes color Doppler images
and Doppler spectrums (Doppler waveforms). The Doppler
waveforms are created by time-series plotting of blood flow
velocities observed in an area set by an operator as a blood
flow velocity observation range. Such a range is set by an
operator referring to B-mode images, M-mode images, and
color Doppler images. For example, in severity judgment of
cardiac valve regurgitation or stenosis, the operator observes
a color Doppler image, sets a collection range to an area
determined as having regurgitation or a jet stream originating
from stenosis, and collects Doppler waveforms using the CW
(Continuous Wave) Doppler method or the PW (Pulsed
Wave) Doppler method to perform Doppler measurement.
[0004] Inseverity judgment of regurgitation using Doppler
measurement, detection of the largest part of a Doppler wave-
form, that is, the peak blood flow velocity (also referred to as
the peak flow velocity) is important. In the CW Doppler
method, the S/N (signal/noise) ratio of the largest part of a
waveform is generally so low that the boundaries of the wave-
form tend to be unclear. Furthermore, an area of regurgitation
often covers a small range, not a wide range. Thus, a sonog-
rapher, who is the operator of the ultrasound diagnostic appa-
ratus, observes a Doppler waveform in real time while chang-
ing the way of putting an ultrasonic probe to receive reflected
waves from the region of the regurgitation so that the “maxi-
mum” peak flow velocity can be obtained and verbally con-
trolling breathing of the patient. The operator performs such
an operation while observing and recording Doppler wave-
forms of multiple heart beats, judging if the “maximum” peak
flow velocity has been obtained.

[0005] After the operator acknowledged that a Doppler
waveform with the “maximum” peak flow velocity had been
collected, the operator presses down the “Freeze button”,
reads out collected images from the memory, and refers to the
collected images. At this point, the operator traces back the
collected images to the past as necessary. Thereafter, the
operator causes the Doppler waveform determined as of the
“maximum” peak flow velocity to be displayed and performs
various measurements for severity judgment of regurgitation
or stenosis. For example, the operator manually traces the
envelope of the Doppler waveform thus displayed, and the
ultrasound diagnostic apparatus performs a measurement
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process based on the trace result. It should be noted that
measurement values used for the severity judgment of regur-
gitation or stenosis include maximum flow velocity that is the
“maximum” peak flow velocity, VIT (Velocity Time Inte-
gral), and pressure gradient suitably obtained by converting
the maximum flow velocity using the Simplified Bernoulli
Equation.

[0006] In recent years, ultrasound diagnostic apparatuses
with functions to automatically trace the envelopes of Dop-
pler waveforms have been developed. Furthermore, this auto-
matic trace function has been used for calculating and out-
putting the average of measured values such as peak flow
velocities at multiple heart beats (three to five heart beats, for
example) in the past that include target Doppler waveforms.
Although the automatic trace function may be performed by
the CW Doppler method, in many cases it is applied to analy-
sis in the PW Doppler method.

[0007] However, judgment over the collection of the Dop-
pler waveform with the maximum peak flow velocity depends
on the memory of the operator. Thus, in some cases actually,
measurement is performed using a Doppler waveform that is
not with the maximum peak flow velocity. In such cases,
diagnosis accuracy for the severity judgment of regurgitation
is decreased. Furthermore, since the recording period is
specified for the collection of Doppler waveforms generally,
the Doppler waveform with the maximum peak flow velocity
cannot be displayed in some cases where the recording period
expires. In such cases, recollection of Doppler waveforms
becomes necessary, lengthening the examination time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a diagram illustrating an example of a
structure of an ultrasound diagnosis apparatus according to a
first embodiment;

[0009] FIG. 2 is a diagram illustrating an example of con-
ventional Doppler measurement;

[0010] FIG. 3 is a diagram illustrating an example of a
structure of a control unit according to the first embodiment;
[0011] FIG. 4 is a diagram illustrating an example of a
process performed by a detector;

[0012] FIG. 5 is a diagram illustrating an example of a
process performed by a determination unit according to the
first embodiment;

[0013] FIG. 6 is a diagram illustrating a setting example of
maximum waveform information;

[0014] FIG. 7 is a diagram illustrating an example of a
process performed by a retention controller according to the
first embodiment;

[0015] FIG. 8 is a diagram illustrating an example of a
display process performed by a display controller according
to the first embodiment;

[0016] FIG. 9A, FIG. 9B and FIG. 9C are diagrams illus-
trating an example of a storage process performed by the
retention controller according to the first embodiment;
[0017] FIG. 10 is a diagram illustrating an example of a
scroll process performed by the display controller according
to the first embodiment;

[0018] FIG. 11 is a flowchart illustrating retention and dis-
play processes of maximum waveform information per-
formed by the ultrasound diagnosis apparatus according to
the first embodiment;

[0019] FIG. 12 is a flowchart illustrating a reset process
performed by the ultrasound diagnosis apparatus according to
the first embodiment;
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[0020] FIG. 13 is a flowchart illustrating a storage process
performed by the ultrasound diagnosis apparatus according to
the first embodiment;

[0021] FIG. 14 is a diagram illustrating an example of a
display process performed by a display controller according
to a second embodiment;

[0022] FIG. 15 and FIG. 16 are diagrams illustrating a third
embodiment;
[0023] FIG. 17A and FIG. 17B are diagrams illustrating a

fourth embodiment; and
[0024] FIG.18A,FIG.18B,FIG.19,FIG. 20, FIG. 21, and
FIG. 22 are diagrams illustrating a fifth embodiment.

DETAILED DESCRIPTION

[0025] An ultrasound diagnostic apparatus according to an
embodiment includes a detector, a determination unit, areten-
tion controller, and a display controller. The detector is con-
figured to detect a peak flow velocity of blood flow velocities
acquired from Doppler waveforms collected in a time-serial
manner or a peak value of average flow velocities of the blood
flow velocities as a representative flow velocity for each pre-
defined period. The determination unit is configured to deter-
mine a maximum value in a predefined polarity of a plurality
of representative flow velocities by comparing values of rep-
resentative flow velocities sequentially output from the detec-
tor. The retention controller is configured to control a pre-
defined memory unit to retain maximum waveform
information that is Doppler waveform information that is
information on Doppler waveforms and is Doppler waveform
information of Doppler waveforms collected for a period in
which the maximum value was detected. The display control-
ler is configured to control a predefined display unit to display
the maximum waveform information with Doppler waveform
information having been collected by a present time point.
[0026] Embodiments of an ultrasound diagnostic apparatus
are described below in detail with reference to the accompa-
nying drawings.

[0027] Firstly, astructure of an ultrasound diagnostic appa-
ratus according to a first embodiment is described. FIG. 1is a
block diagram illustrating the structure of the ultrasound
diagnostic apparatus according to the first embodiment. As
illustrated in FIG. 1, the ultrasound diagnostic apparatus
according to the present embodiment includes an ultrasonic
probe 1, a monitor 2, an input device 3, an electrocardiograph
4, and an apparatus body 10.

[0028] The ultrasonic probe 1 includes a plurality of piezo-
electric vibrators generating an ultrasonic wave based on a
drive signal supplied from a transmitter-receiver unit 11
included in the apparatus body 10 described later. The ultra-
sonic probe 1 also receives a reflected wave from a subject P
to convert it into an electrical signal. Furthermore, the ultra-
sonic probe 1 includes a matching layer and an acoustic lens
provided to the piezoelectric vibrators and a backing material
preventing an ultrasonic wave from traveling behind the
piezoelectric vibrators, for example. The ultrasonic probe 1 is
connected with the apparatus body 10 in a removable manner.
[0029] When ultrasonic waves are transmitted from the
ultrasonic prove 1 to the subject P, the ultrasonic waves trans-
mitted are continuously reflected on a plane of discontinuity
of acoustic impedances in body tissues of the subject P and
then received by the plurality of piezoelectric vibrators
included in the ultrasonic probe 1 as reflected wave signals.
The amplitude of the reflected wave signals received depends
on the differences among the acoustic impedances on the
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plane of discontinuity on which the ultrasonic waves are
reflected. It should be noted that when the ultrasonic pulses
transmitted are reflected on the surface of a moving blood
flow or cardiac wall, for example, the reflected wave signal
undergoes a frequency shift (Doppler shift) depending on the
velocity component against the ultrasound transmission
direction of the moving body because of the Doppler effect.
[0030] The first embodiment is applicable to both the case
where a subject P is two-dimensionally scanned with an ultra-
sonic probe 1 that is a one-dimensional ultrasonic probe with
a plurality of piezoelectric vibrators arranged in line, and the
case where a subject P is three-dimensionally scanned with an
ultrasonic probe 1 that mechanically oscillates the piezoelec-
tric vibrators of the one-dimensional ultrasonic probe 1 or by
an ultrasonic probe 1 that is a two-dimensional ultrasonic
probe with a plurality of piezoelectric vibrators two-dimen-
sionally arranged in a reticular pattern.

[0031] Here, the ultrasound diagnostic apparatus according
to the first embodiment collects Doppler waveforms in a
range set on a color Doppler image (for example, a range gate
or a scan line) after the color Doppler image is shot as
described later. Thus, in the first embodiment, an ultrasonic
probe 1 for performing the CFM (Color Flow Mapping)
method may be replaced with an ultrasonic probe 1 for per-
forming the CW (Continuous Wave) Doppler method or the
PW (Pulsed Wave) Doppler method, depending on the type of
the image to be collected.

[0032] The input device 3 includes a mouse, a keyboard,
buttons, a panel switch, a touch command screen, a foot
switch, and a trackball. The input device 3 receives various
setting requests from an operator of the ultrasound diagnostic
apparatus and transmits the setting requests thus received to
the apparatus body 10.

[0033] For example, the operator performs the setting of a
range gate using the trackball included in the input device 3.
Furthermore, the operator stops collection of Doppler wave-
forms temporarily by pressing down the “Freeze button”
included in the input device 3. The operator also sets the type
of a measured value measured from a Doppler waveform. It
should be noted that the details of the processes that the
operator performs with the input device 3 are described later.
[0034] The monitor 2 displays a GUI (Graphical User Inter-
face) for the operator of the ultrasound diagnostic apparatus
to input various setting requests using the input device 3 and
displays various images created in the apparatus body 10 and
measurement results from the apparatus body 10, for
example.

[0035] The electrocardiograph 4 is connected to the appa-
ratus body 10 to acquire an ECG (electrocardiogram) of the
subject P who undertakes an ultrasonic scanning. The elec-
trocardiograph 4 transmits the ECG thus acquired to the appa-
ratus body 10.

[0036] Theapparatusbody 10 is an apparatus that generates
an ultrasonic wave image based on a reflected wave received
by the ultrasonic probe 1. As illustrated in FIG. 1, the appa-
ratus body 10 includes the transmitter-receiver unit 11, a
B-mode processing unit 12, a Doppler processing unit 13, an
image generating unit 14, an image memory 15, a control unit
16, and an internal memory unit 17.

[0037] The transmitter-receiver unit 11 includes a trigger
generation circuit, a transmission delay circuit, and a pulsar
circuit, and supplies a drive signal to the ultrasonic probe 1.
The pulsar circuit repeatedly generates a rate pulse for form-
ing a transmission ultrasound wave at a predetermined PRF
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(Pulse Repetition Frequency). The PRF is also referred to as
a rate frequency. Further, the transmission delay circuit
applies a delay period that is required to converge the ultra-
sound wave generated by the ultrasound probe 1 into the form
of a beam and to determine transmission directionality and
that corresponds to each of the piezoelectric vibrators, to each
of the rate pulses generated by the pulsar circuit. The trigger
generation circuit applies a drive signal (drive pulse) to the
ultrasonic probe 1 at the timing based on the rate pulse. In
other words, the transmission delay circuit arbitrarily adjusts
the directions of the transmissions from the piezoelectric
vibrator surfaces, by varying the delay periods applied to the
rate pulses.

[0038] The transmitter-receiver unit 11 has functions
capable of instantaneously changing transmission frequen-
cies, transmission drive voltages, and the like in order to
perform a predefined scan sequence based on an instruction
from the control unit 16 described later. In particular, the
transmission drive voltages can be changed with a linear
amplifier type of transmission circuit capable of instanta-
neously changing values or a mechanism electrically switch-
ing over a plurality of power source units. These functions
enable the transmitter-receiver unit 11 to transmit continuous
or pulsed ultrasonic waves from the ultrasonic probe 1, for
example.

[0039] Furthermore, the transmitter-receiver unit 11
includes an amplifier circuit, an A/D (analog/digital) con-
verter, a reception delay circuit, and an adder, and generates
reflected wave data through various processes on a reflected
wave signal received by the ultrasonic probe 1. The amplifier
circuit amplifies the reflected wave signal for each channel to
perform a gain correction process. The A/D converter A/D-
converts the reflected wave signal thus gain-corrected. The
reception delay circuit provides digital data with a reception
delay time required to determine reception directionality. The
adder performs an adding process of the reflected wave signal
thus provided with the reception delay time by the reception
delay circuit to generate reflected wave data. The adding
process performed by the adder emphasizes reflection com-
ponents from the direction in accordance with the reception
directionality of the reflected wave signal.

[0040] Here, the transmission delay time and the reception
delay time are determined by the position (depth) of the
transmission focus and the reception focus of an ultrasonic
wave beam from an acoustic lens. The transmitter-receiver
unit 11 controls transmission and reception directionalities in
the transmission and reception of the ultrasonic wave in
accordance with transmission and reception conditions such
as the transmission delay time and the reception delay time.
Furthermore, the transmitter-receiver unit 11 is capable of
changing piezoelectric vibrators (diameters for transmission
and reception) used for transmission and reception by the
ultrasonic probe 1.

[0041] The B-mode processing unit 12 receives reflected
wave data from the transmitter-receiver unit 11 and performs
logarithmic amplification, envelope demodulation, and the
like to generate data in which the intensity of a signal is
represented by the brightness of its luminance (B-mode data).
[0042] The Doppler processing unit 13 extracts a Doppler
shift through the frequency analysis of velocity information
from the reflected wave data received from the transmitter-
receiverunit 11 and extracts blood flows, tissues, and contrast
agent echo components influenced by the Doppler effect
resulting from the use of the Doppler shift, generating data
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(Doppler data) formed of extraction of moving body infor-
mation such as average velocity, variance, and power at many
points.

[0043] The B-mode processing unit 12 and the Doppler
processing unit 13 according to the present embodiment may
be applied to the case where both two-dimensional and three-
dimensional reflected wave data can be processed.

[0044] The image generating unit 14 generates an ultra-
sonic image from the data generated by the B-mode process-
ing unit 12 and the Doppler processing unit 13. In other
words, the image generating unit 14 generates a B-mode
image in which the intensity of reflected waves is represented
by the luminance thereof from B-mode data generated by the
B-mode processing unit 12. Furthermore, the image generat-
ing unit 14 generates a color Doppler image serving as an
average velocity image, a dispersion image, a power image,
or an image of combination of these images representing
moving body information (blood flow information and mov-
ing tissue information) from the Doppler data generated by
the Doppler processing unit 13.

[0045] Here, the image generating unit 14 generally con-
verts (scan-converts) a row of scan line signals from an ultra-
sonic scanning into arow of scan line signals in a video format
represented by television, for example, to generate an ultra-
sonic wave image as an image for display. Specifically, the
image generating unit 14 generates an ultrasonic wave image
as an image for display through coordinate conversion in
accordance with the scanning form of the ultrasonic wave
from the ultrasonic probe 1. Furthermore, the image generat-
ing unit 14 performs various types of image processing
besides the scan conversion. For example, the image gener-
ating unit 14 performs image processing regenerating an
image with an average luminance using a plurality of scan-
converted image frames (smoothing process) and image pro-
cessing using a differentiation filter within the image (edge
emphasis process).

[0046] Furthermore, the image generating unit 14 gener-
ates a Doppler waveform created by time-series plotting of
blood flow velocity information from the Doppler data gen-
erated by the Doppler processing unit 13.

[0047] The image generating unit 14 is also capable of
generating a composite image in which an ultrasonic wave
image (B-mode image, color Doppler image, Doppler wave-
form, and the like) is combined with character information,
scales, body marks, and the like of various parameters.
[0048] The image memory 15 is a memory that stores
therein various images generated by the image generating
unit 14. The image memory 15 is also capable of storing
therein data generated by the B-mode processing unit 12 and
the Doppler processing unit 13.

[0049] The internal memory unit 17 stores therein various
data such as a control program for performing transmission
and reception of an ultrasonic wave, image processing, and
display processing, diagnostic information (patients’ IDs and
doctors’ opinions, for example), a diagnostic protocol, vari-
ous body marks, and the like. The internal memory unit 17 is
also used for storing therein images stored in the image
memory 15 as necessary. Furthermore, data stored in the
internal memory unit 17 may be transmitted to an external
peripheral device via an interface (not illustrated).

[0050] The control unit 16 controls the overall processes
performed by the ultrasound diagnostic apparatus. Specifi-
cally, the control unit 16 controls processes performed by the
transmitter-receiver unit 11, the B-mode processing unit 12,
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the Doppler processing unit 13, and the image generating unit
14 based on various setting requests input by an operator via
the input device 3 and various control programs and data read
out from the internal memory unit 17. The control unit 16 also
controls to display an ultrasonic wave image stored in the
image memory 15 and a GUI for specifying various processes
performed by the image generating unit 14, for example, on
the monitor 2. Furthermore, the control unit 16 uses a com-
puter program for measurement read out from the internal
memory unit 17 to perform measurement processes using
various images generated by the image generating unit 14, for
example.

[0051] The overall structure of the ultrasonic diagnostic
apparatus according to the first embodiment has been
described above. Based on such a structure, the ultrasonic
diagnostic apparatus according to the first embodiment gen-
erates Doppler waveforms in the range set by an operator and
displays the Doppler waveforms thus generated. The operator
uses a desired Doppler waveform selected from the Doppler
waveforms thus displayed to perform settings for various
measurement processes.

[0052] For example, in severity judgment of cardiac valve
regurgitation or stenosis, an operator observes a color Dop-
pler image, sets a range gate to an area determined as having
regurgitation or a jet stream originating from stenosis, and
collects Doppler waveforms using the CW (Continuous
Wave) Doppler method or the PW (Pulsed Wave) Doppler
method to perform Doppler measurement. An example of
Doppler measurement performed using a conventional ultra-
sound diagnostic apparatus is described below with reference
to FIG. 2, and thereafter, Doppler measurement performed
with the diagnostic apparatus according to the first embodi-
ment is described. FIG. 2 is a diagram illustrating an example
of conventional Doppler measurement.

[0053] For example, an operator sets a range in which the
CFM method is performed on a B-mode image generated by
the image generating unit 14. Based on this, the control unit
16 performs the CFM method in the range set by the operator
by controlling each processing unit. Thereafter, the control
unit 16 controls the image generating unit 14 to generate a
superimposed image A with a color Doppler image in the set
range superimposed on the B-mode image. Furthermore, the
control unit 16 controls the monitor 2 to display the superim-
posed image A as illustrated in FIG. 2. The operator refers to
the color Doppler image on the superimposed image A to set
a range gate a near the cardiac valve (aortic valve or mitral
valve) determined as having regurgitation or a jet stream
originating from stenosis. Thereafter the operator gives an
instruction to collect Doppler waveforms at the range gate a
by the CW method, for example. In the CW method, a focus
point is set at the range gate a, for example, and the Doppler
waveforms collected will be waveforms based on reflected
wave signals for all scan lines passing through the range gate
a.

[0054] The control unit 16 controls the image generating
unit 14 to generate Doppler waveforms from Doppler data
generated by the Doppler processing unit 13. Furthermore,
the control unit 16 controls the monitor 2 to display the
Doppler waveforms generated by the image generating unit
14 in a time-serial manner. For example, the control unit 16
sets the current collection time point to “0” and controls to
display the Doppler waveforms so that blood flow velocities
newly calculated are displayed in an updated manner along
the time axis that indicates past collection time points by
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negative. It should be noted that the control unit 16 also
controls to display an ECG with the Doppler waveforms in a
state that the time axis of the Doppler waveforms and the time
axis of the ECG are fitted.

[0055] In severity judgment of regurgitation or stenosis
using Doppler measurement, detection of the largest part of a
Doppler waveform, that is, the peak blood flow velocity (also
referred to as the peak flow velocity) is important. In the CW
Doppler method, the S/N (signal/noise) ratio of the largest
part of a waveform is generally so low that the boundaries of
the waveform tend to be unclear. Furthermore, an area of
regurgitation or a jet stream originating from stenosis often
covers a small range, not a wide range. Thus, an operator
observes a Doppler waveform in real time while changing the
way of putting the ultrasonic probe 1 to receive reflected
waves from the region of the regurgitation so that the “maxi-
mum” peak flow velocity can be obtained and verbally con-
trolling breathing of the patient. The operator performs such
an operation while observing and recording Doppler wave-
forms of multiple heart beats, judging if the “maximum” peak
flow velocity has been obtained.

[0056] After the operator acknowledged that a Doppler
waveform with the “maximum” peak flow velocity had been
collected, the operator presses down the “Freeze button”,
reads out collected images from the image memory 15, and
traces back the collected images to the past by operating a
trackball, for example. Thereafter, the operator causes the
monitor 2 to display Doppler waveforms ina continuous heart
beat period including the Doppler waveform determined as of
the “maximum” peak flow velocity, that is, the image data B
of the Doppler waveform illustrated in FIG. 2. In the example
illustrated in FIG. 2, the Doppler waveform b at three seconds
before the “Freeze button” is pressed down, that is, in the
heart beat period near “-3 seconds” in time in the image data
B should be the Doppler waveform that the operator deter-
mined as of the “maximum” peak flow velocity.

[0057] The operator manually sets the envelope of the Dop-
pler waveform b by manually tracing the waveform boundary
of the Doppler waveform b using a mouse included in the
input device 3, for example. Thereafter, the operator specifies
the type of a measured value using the input device 3 to
perform measurement processes performed by the control
unit 16. The control unit 16 controls to display measured
values obtained from measurement results in the measured
value display area C illustrated in FIG. 2 in a table format, for
example.

[0058] Forexample, if a maximum flow velocity (VP, unit:
cny/s) that is a value for the “maximum” peak flow velocity is
set as a measured value, the control unit 16 measures the
maximum flow velocity from the envelope of the Doppler
waveform b as “~274.9”. Thereafter, the control unit 16 con-
trols to display the measured value “VP: -274.9” in the mea-
sured value display area C as illustrated in FIG. 2.

[0059] Furthermore, if a VTT (Velocity Time Integral, unit:
cm) that is a time integration value for a blood flow velocity is
set as a measured value, for example, the control unit 16
measures the VTT from the envelope ofthe Doppler waveform
b as “-83.40”. Thereafter, the control unit 16 controls to
display the measured value “VTI: -83.40” in the measured
value display area C as illustrated in FIG. 2.

[0060] Furthermore, if a PPG (Peak Pressure Gradient,
unit: mmHg) that is a PG (Pressure Gradient) calculated from
a peak flow velocity using the Simplified Bernoulli Equation
and that is a value for a pressure gradient for a maximum flow
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velocity is set as a measured value, for example, the control
unit 16 measures the PPG from the maximum flow velocity
(peak flow velocity of the Doppler waveform b) as “30.2”.
Thereafter, the control unit 16 controls to display the mea-
sured value “PPG: 30.2” in the measured value display area C
as illustrated in FIG. 2.

[0061] Furthermore, if an MPG (Mean Pressure Gradient,
unit: mmHg), which is an average of pressure gradients in a
three heart beat period, is set as a measured value, for
example, the control unit 16 calculates the average of the
pressure gradients of the Doppler waveform b (peak pressure
gradient) and the pressure gradients of two Doppler wave-
forms prior to the Doppler waveform b as “18.8”. Thereafter,
the control unit 16 controls to display the measured value
“MPG: 18.8” in the measured value display area C as illus-
trated in FIG. 2. In addition, if an average flow velocity (time
mean velocity: VM, unit: ci/s) is set as a measured value, the
average of the peak flow velocity (maximum flow velocity) of
the Doppler waveform b and the peak flow velocities of two
Doppler waveforms prior to the Doppler waveform b is cal-
culated, and the average flow velocity is displayed in the
measured value display area C (not illustrated in FIG. 2).
[0062] Inthe example illustrated in FIG. 2, the control unit
16 performs various measurements by the PISA (Proximal
Isovelocity Surface Area) method besides the above-de-
scribed measurements and displays measurement results
thereof in the measured value display area C. In the example
illustrated in FIG. 2, the radius of a PISA hemisphere, the
alias velocity of the surface of the PISA hemisphere, a surface
flow rate per unit time on the PISA hemisphere, a surface flow
volume on the PISA hemisphere, an effective orifice area
(EOArea), and the like are measured by the control unit 16 to
be displayed in the measured value display area C.

[0063] However, in such a conventional Doppler measure-
ment that is performed with the workflow described above
with reference to FIG. 2, judgment over the collection of the
Doppler waveform with the maximum peak flow velocity
depends on the memory of the operator. Thus, in some cases
actually, measurement is performed using a Doppler wave-
form that is not with the maximum peak flow velocity. Fur-
thermore, since the recording period is specified for the col-
lection of Doppler waveforms generally, the Doppler
waveform with the maximum peak flow velocity cannot be
displayed in some cases where the recording period expires.
In such cases, recollection of Doppler waveforms becomes
necessary, lengthening the examination time. Such a problem
arises also in the case where the control unit 16 is equipped
with functions to automatically trace the envelopes of Dop-
pler waveforms for which development has been promoted in
recent years.

[0064] In the first embodiment, in order to alleviate the
burden on the operator collecting Doppler waveforms with
the maximum peak flow velocity, the control unit 16 performs
the following processes. It should be noted that the processes
described below are performed after the start of the collection
of the Doppler waveforms on the scan lines set by the operator
through the CW method, for example. In addition, the present
embodiment can be applied to the case where the collection of
the Doppler waveforms in the range gate set by the operator
using the PW method.

[0065] FIG. 3isa block diagram illustrating an example of
the structure of the control unit according to the first embodi-
ment. For example, the control unit 16 includes a detector
164, a determination unit 164, a retention controller 16c, and
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adisplay controller 164 as illustrated in FIG. 3. Furthermore,
in the first embodiment, the image memory 15 is set with two
memory areas for collection waveform data 154 and Doppler
waveform information data 155 as illustrated in FIG. 3. The
collection waveform data 15« is an area for temporarily stor-
ing therein collected Doppler waveforms. The Doppler wave-
form information data 154 is a memory area for temporarily
retaining Doppler waveform information that is information
on Doppler waveforms under the control of the retention
controller 16¢ described later.

[0066] The detector 164 detects a peak flow velocity of the
flow velocities acquired from Doppler waveforms collected
in a time-serial manner (envelope of a spectrum) or a peak
value in a predefined period related to averages of the blood
flow velocities (gravity center of the spectrum) as a represen-
tative flow velocity for each predefined period. In the present
embodiment in which the CW method is performed, the
detector 16a detects a peak value of the peak blood flow
velocities from the Doppler waveforms collected in a time-
serial manner as a representative value for each predefined
period. In the present embodiment, a one heart beat period is
set as the predefined period. In other words, the detector 16a
detects a peak value in one heart beat related to the peak blood
flow velocities from the Doppler waveforms collected in a
time-serial manner for each period of one heart beat. Specifi-
cally, the detector 16a detects a representative flow velocity
by detecting the envelope or the gravity center of each Dop-
pler waveform. In the present embodiment, the detector 16a
detects the peak flow velocity by detecting the envelope of
each Doppler waveform. FIG. 4 is a diagram illustrating an
example of the process performed by the detector.

[0067] In the collection waveform data 15« illustrated in
FIG. 3, Doppler waveforms generated by the image generat-
ing unit 14 are sequentially stored in a time-serial manner
under the control of the control unit 16. The control unit 16
also stores an BECG acquired by the electrocardiograph 4,
together with the Doppler waveforms, in the collection wave-
form data 15a.

[0068] The detector 16a acquires a reference time phase of
a heart beat from the ECG. For example, the detector 16a
acquires an end-diastolic time phase corresponding to an
R-wave of the ECG to acknowledge sections in the heart beat
period. Thus, the detector 16a acknowledges a “Doppler
waveform D1 that is a Doppler waveform in a one heart beat
period and auto-traces the envelope of the “Doppler wave-
form D17, thereby detecting a peak value “V1” of peak flow
velocities of the “Doppler waveform D1” as illustrated in
FIG. 4. Similarly, the detector 16a acknowledges a “Doppler
waveform D2” that is a Doppler waveform in a one heart beat
period that was collected following the “Doppler waveform
D1” and auto-traces the envelope of the “Doppler waveform
D27, thereby detecting a peak value “V2” of peak flow veloci-
ties ofthe “Doppler waveform D2” as illustrated in F1G. 4. By
repeating such processes, the detector 16a sequentially
detects a peak value “V3” of peak flow velocities of the
“Doppler waveform D3” and a peak value “V4” of peak flow
velocities of the “Doppler waveform D4” as illustrated in
FIG. 4.

[0069] The detector 16a may auto-trace the envelopes of
Doppler waveforms sequentially stored in the collection
waveform data 15a¢ and acknowledge sections in the heart
beat periods based on the trace results. In addition, in Doppler
waveforms collected through the PW method, the distribution
of velocity components in a range gate is represented by the
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widthofa spectrum. Thus, ifthe PW method is performed, the
detector 16a detects a peak value of peak flow velocities
obtained from Doppler waveforms or a peak value of average
flow velocities serving as the gravity center of the width of the
Doppler waveforms as a representative flow velocity for each
predefined period. In the PW method, whether the represen-
tative flow velocity should be the peak flow velocity or the
average flow velocity is optionally changed by the operator,
for example.

[0070] The determination unit 165 illustrated in FIG. 3
compares the values of a plurality of representative flow
velocities sequentially output from the detector 16a, thereby
determining a maximum value in a predefined polarity out of
the representative flow velocities. In the present embodiment,
the determination unit 165 compares the values of a plurality
of peak flow velocities sequentially output from the detector
164, thereby determining a maximum value out of the peak
flow velocities. Specifically, the determination unit 165 deter-
mines the maximum value (maximum flow velocity) of the
peak flow velocities at the present time point in a predefined
polarity. It should be noted that in the PW method, if the
detector 16a detects an average flow velocity as a represen-
tative flow velocity, the determination unit 165 determines the
maximum value in a predefined polarity out of a plurality of
average flow velocities. For example, for the polarity of the
representative flow velocities, the polarity of blood flows
toward the ultrasonic probe 1 is defined as positive, and the
polarity of blood flows directed away from the ultrasonic
probe 1 is defined as negative. For example, if the predefined
polarity is set as “positive”, the determination unit 165 deter-
mines the maximum value of representative flow velocities in
the positive polarity. Alternatively, if the predefined polarity
is set as “negative”, for example, the determination unit 165
determines the maximum value of representative flow veloci-
ties in the negative polarity. Furthermore, if the predefined
polarity is set as “positive and negative”, for example, the
determination unit 165 determines the absolute maximum
value of representative flow velocities. The predefined polar-
ity may be set by the operator or by default. FIG. 5 is a block
diagram illustrating an example of the processes performed
by the determination unit according to the first embodiment.

[0071] As illustrated in FIG. 5, the determination unit 165
sets the initial value for the maximum flow velocity to “0” and
compares the initial value “0” and “V1” that is the peak flow
velocity (input peak flow velocity) initially received from the
detector 16a. It should be noted that in the following descrip-
tion, the determination unit 165 acknowledges the absolute
value of a value received from the detector 16a as the “input
peak flow velocity” to perform processes for determining the
maximum flow velocity.

[0072] The determination unit 165 updates the maximum
flow velocity to “V1” because “0<V1” as indicated in FIG. 5.
Thereafter, the determination unit 1654 compares “input peak
flow velocity: V2” and “maximum flow velocity: V1” and
updates the maximum flow velocity to “V2” because
“V1<V?2” as indicated in FIG. 5. The determination unit 165
compares “input peak flow velocity: V3” and “maximum flow
velocity: V2” and determines the maximum flow velocity as
“V2” without updating because “V2>V3” as indicated by
FIG. 5. Thereafter, the determination unit 165 compares
“input peak flow velocity: V4" and “maximum flow velocity:
V2” and updates the maximum flow velocity to “V4” because
“V2<V4” as indicated in FIG. 5. Furthermore, the determi-
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nation unit 165 compares “input peak flow velocity: V5~ and
“maximum flow velocity: V4”.

[0073] The determination unit 165 determines the maxi-
mum flow velocity at the present time point by sequentially
performing the comparison processes illustrated in FIG. 5.
[0074] The retention controller 16¢ illustrated in FIG. 3
controls the image memory 15 (Doppler waveform informa-
tion data 15b) to retain maximum waveform information that
is Doppler waveform information, that is, information of a
Doppler waveform and also is Doppler waveform informa-
tion of the Doppler waveform collected in the period in which
the maximum value was detected. In the present embodiment,
because the predefined period is a one heart beat period, the
retention controller 16¢ controls the image memory 15 (Dop-
pler waveform information data 154) to retain Doppler wave-
form information of the Doppler waveforms in the one heart
beat period of which the representative flow velocity (peak
flow velocity in the present embodiment) at the present time
point is the maximum as maximum waveform information.
Here, the Doppler waveform information as the maximum
waveform information includes image data of the Doppler
waveforms corresponding to the Doppler waveform informa-
tion in question and measured values measured from the
Doppler waveforms in question. Furthermore, the measured
values include at least one of a maximum flow velocity (VP),
a peak pressure gradient (PPG), a mean pressure gradient
(MPG), an average flow velocity (VM), and a velocity time
integral (VTI). Here, the maximum value for VP and PPG
refers to a peak value in a one heart beat period, and “P” in VP
and PPG represents “peak”. In addition, the average for MPG
and VM refers to an average in a one heart beat period, and
“M” in MPG and VM represents “mean”. The above-de-
scribed measured value is calculated using envelopes
detected by the detector 16a. In the present embodiment, for
example, the detector 164 performs calculation processes of
measured values. It should be noted that the present embodi-
ment may be applied to both the case where calculation pro-
cesses of measured values other than VP are performed by the
determination unit 165 and the case where calculation pro-
cesses of measured values other than VP are performed by a
measurement processing unit separately installed.

[0075] Such maximum waveform information is preset by
an operator before collection of Doppler waveforms, for
example. FIG. 6 is a diagram illustrating an example of set-
ting the maximum waveform information. In the example
illustrated in FIG. 6, the operator selects three measured
values of “maximum flow velocity, peak pressure gradient,
VTI” as the maximum waveform information with image
data of the Doppler waveforms. If such setting is performed,
the retention controller 16¢ controls the Doppler waveform
information data 155 to retain “image data” of the Doppler
waveforms of which the maximum flow velocities have been
measured by the present time point and “VP, PPG, VTI”
measured from the Doppler waveforms in question as the
maximum waveform information. FIG. 7 is a diagram illus-
trating an example of processes performed by the retention
controller according to the first embodiment.

[0076] The example illustrated in FIG. 7 represents the
processes performed by the retention controller 16¢ based on
the results from the processes performed by the determination
unit 165 illustrated in FIG. 5. It should be noted that in FIG.
7, the maximum waveform information in the case where the
Doppler waveform of which the maximum flow velocity has
been measured is “DD1” is represented as “1(D1)”.
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[0077] First, from the start of the Doppler waveform col-
lection until the time point at which Doppler waveforms for a
one heart beat period have not been collected, the Doppler
waveform information data 155 is in a “No DATA” state as
illustrated in FIG. 7. Next, if the maximum flow velocity is
updated to “V1”, the retention controller 16¢ updates data to
be retained by the Doppler waveform information data 155
from “No DATA” to “I(D1)” as illustrated in FIG. 7. Next, if
the maximum flow velocity is updated to “V2”, the retention
controller 16¢ updates the data to be retained by the Doppler
waveform information data 156 from “I(D1)” to “1(D2)” as
illustrated in FIG. 7.

[0078] Next, if the maximum flow velocity is not updated
from “V27”, the retention controller 16¢ maintains the data to
be retained by the Doppler waveform information data 155 of
“I(D2)” as illustrated in FIG. 7. Next, if the maximum flow
velocity is updated to “V4”, the retention controller 16¢
updates the data to be retained by the Doppler waveform
information data 154 from “I(D2)” to “I(D4)” as illustrated in
FIG. 7.

[0079] The display controller 164 illustrated in FIG. 3 con-
trols to simultaneously display the maximum waveform
information with Doppler waveform information that has
been collected by the present time point on the monitor 2. In
the first embodiment, the display controller 16d sets the same
scale for the display scale for image data of Doppler wave-
forms corresponding to the maximum waveform information
and the display scale for image data of Doppler waveforms
that have been collected by the present time point and controls
to display various image data in parallel. FIG. 8 is a diagram
illustrating an example of display processes performed by the
display controller according to the first embodiment.

[0080] For example, from the start of the Doppler wave-
form collection until the time point at which Doppler wave-
forms for a one heart beat period have not been collected, the
display controller 164 controls a waveform display area 100
to display the latest Doppler waveform and image data of a
group of Doppler waveforms for a period of a plurality of
heart beats collected immediately before the Doppler wave-
form in question as image data of Doppler waveforms that
have been collected by the present time point as illustrated in
the upper diagram in FIG. 8. In the example illustrated in FIG.
8, the waveform display area 100 displays image data for a
group of Doppler waveforms for a period of about 6.5 heart
beats (for about 4.2 seconds).

[0081] Once the data is stored in the Doppler waveform
information data 154 under the control of the retention con-
troller 16¢, the display controller 164 changes the waveform
display area 100 into two areas: a latest waveform display
area 101 and a maximum waveform display area 102. Here,
the scales of the vertical axis and the horizontal axis in the
latest waveform display area 101 and the maximum wave-
form display area 102 should be the same as illustrated in the
diagram in the lower part of FIG. 8.

[0082] Thedisplay controller 164 controls to display image
data of the latest Doppler waveform and a group of Doppler
waveforms for a period of a plurality of heart beats collected
immediately before the Doppler waveform in question in the
latest waveform display area 101 as image data of the Doppler
waveforms that have been collected by the present time point.
In the example illustrated in FIG. 8, image data of a group of
Doppler waveforms for a period of about six heart beats
(about 3.8 seconds) is displayed in the latest waveform dis-
play area 101.
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[0083] Furthermore, the display controller 164 displays
image data of the maximum waveform information in the
maximum waveform display area 102. In other words, the
maximum waveform display area 102 displays image data of
the Doppler waveform of which the maximum flow velocity
at the present time point was measured. Specifically, the
image data displayed in the maximum waveform display area
102 is updated every time the maximum flow velocity at the
present time point is updated.

[0084] The display controller 164 also newly sets a mea-
sured value display area 103 for displaying a measured value
included in the maximum waveform information as illus-
trated in the diagram in the lower part of F1G. 8. The measured
value display area 103 displays a measured value measured
from the Doppler waveform of which the maximum flow
velocity at the present time point. For example, as illustrated
in the lower diagram in FIG. 8, the measured value display
area 103 displays “VP: =274.9 cm/s, VT1: -83.40 cm, PPG:
30.2 mmHg” measured from the Doppler waveform dis-
played in the maximum waveform display area 102 in a table
format. It should be noted that measured values displayed in
the maximum waveform display area 102 are updated every
time the maximum flow velocity at the present time is
updated.

[0085] In addition, the retention controller 16¢ may per-
form the following processes as well as the above-described
updating processes of the maximum waveform information.
FIG. 9A, FIG. 9B, and FIG. 9C are diagrams illustrating an
example of the reset and storage processes performed by the
retention controller according to the first embodiment.
[0086] In the process of continuously updating and retain-
ing maximum waveform information according to the present
embodiment, maximum waveform information of extreme
noise waveforms may be mixed in due to various factors such
as body motions or breathing by the subject P, excessive
operation of the ultrasonic probe 1, and saturation due to
commingling of a valve echo into the echo. Thus, in order to
prevent the maximum waveform information of the noise
waveforms from being used for the diagnosis, the following
reset function is desirably equipped in the retention controller
16c.

[0087] When predefined conditions (reset conditions) are
satisfied, the retention controller 16¢ deletes the maximum
waveform information from the Doppler waveform informa-
tion data 155. Specifically, the retention controller 16¢ deletes
the maximum waveform information when the input device 3
receives a delete request from the operator. For example, the
operator refers to image data of “I(D4)” to determine a dis-
played Doppler waveform is a noise, pressing down a reset
button included in the input device 3. This procedure enables
the retention controller 16¢ to delete “I(D4)”, which is the
maximum waveform information at the present time, point
and reset to the state of “No DATA” as illustrated in FIG. 9A.
[0088] Alternatively, the retention controller 16¢ deletes
the maximum waveform information every time a predefined
period has passed. For example, the retention controller 16¢
performs the reset process for each preset period (a 30 heart
beat period or 30 seconds, for example) in order to prevent the
maximum waveform information of noise waveforms from
being used for the diagnosis.

[0089] Here, when the retention controller 16¢ performs
the reset process, the detector 16a and the determination unit
165 may select Doppler waveforms collected after the reset
process as processing targets. However, to update maximum
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waveform information for the purpose of removing noise
waveforms, the detector 16a and the determination unit 165
preferably perform the following processes under the control
of the retention controller 16¢. Described below with refer-
ence to FIG. 9B is an example of processes in which maxi-
mum waveform information at the present time point is
updated by the retention controller 16¢ performing the reset
process for each period of 20 heart beats.

[0090] In the example illustrated in FIG. 9B, it is deter-
mined that the maximum value of peak flow velocities is “the
peak flow velocity of the fifth heart beat” between the first to
the 20th heart beats. Here, the image memory 15 is capable of
storing therein peak flow velocities and Doppler waveforms
for a 20 heart beat period at most due to its memory capacity
limitation. When the peak flow velocity of the Doppler wave-
form for the 21 st heart beat, which is a new heart beat, is input
under such a condition, the peak flow velocity for the first
heart beat, which is the oldest heart beat, is cleared, and
information of “the peak flow velocity for the 5th heart beat”,
which is the maximum value between the first to the 20th
heart beats, 1s cleared. Then, the determination unit 166 com-
pares the peak flow velocities between the second to the 21st
heart beats to determine the maximum value of the peak flow
velocities again. In the example illustrated in FIG. 9B, the
determination unit 165 determines the maximum value of the
peak flow velocities between the second to the 21st flow rates
to be “the peak flow rate for the Sth flow rate” again.

[0091] Thereafter, when the peak flow velocity of the Dop-
pler waveform for the 22nd heart beat is input, the determi-
nation unit 165 determines the maximum value of the peak
flow velocities between the third to the 22nd heart beats. In
the example illustrated in FIG. 9B, the determination unit 165
determines the maximum value of the peak flow velocities
between the third to the 22nd flow rates to be “the peak flow
rate for the 22nd flow rate”. Thereafter, when the peak flow
velocity of the Doppler waveform for the 23rd heart beat is
input, the determination unit 165 determines the maximum
value of the peak flow velocities between the 4th to the 23rd
flow rates. In the example illustrated in FIG. 9B, the determi-
nation unit 165 determines the maximum value of the peak
flow velocities between the 4th to the 23rd flow rates to be
“the peak flow rate for the 22nd flow rate” again. Thereafter,
when the peak flow velocity of the Doppler waveform for the
24th heart beat is input, the peak flow velocity of the 4th heart
beat is cleared under the control of the retention controller
16¢, and the determination unit 165 determines the maximum
value of the peak flow velocities between the 5th to the 24th
flow rates. In the example illustrated in FIG. 9B, the determi-
nation unit 165 determines the maximum value of the peak
flow velocities between the Sth to the 24th flow rates to be
“the peak flow rate for the 24th flow rate”.

[0092] With this reset process, the determination unit 165
constantly determines the maximum value of representative
flow velocities for the latest set period. The retention control-
ler 16¢ constantly controls to retain the maximum waveform
information corresponding to the maximum value of repre-
sentative flow velocities for the latest set period. In the
example illustrated in FIG. 9B, the determination unit 165
constantly determines the maximum value of peak flow
velocities for the last 20 heart beat period. Also, in the
example illustrated in FIG. 9B, the retention controller 16¢
constantly controls to retain the maximum waveform infor-

May 30, 2013

mation of the heart beat period in which the maximum value
of peak flow velocities in the last 20 heart beat period was
detected.

[0093] Here, in the present embodiment, the retention con-
troller 16¢ may use tutorial data of Doppler waveforms to
determine if the Doppler waveform retained as the maximum
waveform information is a noise waveform and perform the
reset process if the Doppler waveform is determined as a
noise waveform. In such a case, the determination unit 1656
determines the maximum value from the peak flow velocities
of the last 20 heart beats with noise waveforms removed.

[0094] The processes for preventing maximum waveform
information of a noise waveform from being used should not
be limited to the reset process and the retention controller 16¢
may perform the following retention control process. If the
operator determines a Doppler waveform to be a noise wave-
form and presses down the reset button, or if the retention
controller 16¢ determines a Doppler waveform to be a noise
waveform, the retention controller 16¢ controls to maintain
the maximum waveform information that was retained imme-
diately before the noise waveform in question.

[0095] Furthermore, in the present embodiment, if a
request to store maximum waveform information is received
from the operator, the retention controller 16¢ outputs the
maximum waveform information in question in a predefined
format (file) into a predefined storage medium. For example,
the retention controller 16¢ converts image data of maximum
waveform information specified by the operator into the
JPEG (Joint Photographic Experts Group) format to be output
into a predefined storage medium and converts a measured
value of the maximum waveform information into the CSV
(Comma Separated Values) format to be output into a pre-
defined storage medium. For example, if the “Storage button”
included in the input device 3 is pressed down, the retention
controller 16¢ controls the internal memory unit 17 to store
therein “I(D8)” retained in the Doppler waveform informa-
tion data 15b as illustrated in FIG. 9C. Alternatively, the
retention controller 16¢ controls maximum waveform infor-
mation retained in the Doppler waveform information data
155 to be output and stored in a portable storage medium.
Alternatively, the retention controller 16¢ may control data
specified by the operator (image data, all measured values,
part of the measured values, for example) out of the maximum
waveform information retained by the Doppler waveform
information data 155 to be output and stored. It should be
noted that the retention controller 16¢ may output the maxi-
mum waveform information retained in the Doppler wave-
form information data 1556 to an external device such as a
printer.

[0096] Here, in the state that the display illustrated in the
lower diagram in FIG. 8 is presented, the operator may manu-
ally trace the envelope of the Doppler waveform displayed in
the maximum waveform display area 102 to control the detec-
tor 16a to measure various measured values again as neces-
sary after pressing down the “Freeze button”. However, the
operator may want to determine if a Doppler waveform of
maximum waveform information is a waveform collected
with peak flow velocities in a relatively stable state or a
waveform collected with peak flow velocities transiently ris-
ing. In addition, it is inconvenient for the operator to manually
scroll the collected images back to the past at the time of
measurement or storage as in the conventional operation.
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Accordingly, the display controller 164 according to the
present embodiment may perform the following display con-
trol.

[0097] When the display controller 16d receives a request
to display maximum waveform information from the opera-
tor, the display controller 164 controls the monitor 2 to dis-
play continuous Doppler waveforms including the Doppler
waveform corresponding to the maximum waveform infor-
mation in question. Specifically, when the display controller
16d receives a request to display maximum waveform infor-
mation from the operator, the display controller 164 controls
the monitor 2 to display continuous Doppler waveforms for a
period of one or more heart beats including the Doppler
waveform corresponding to the maximum waveform infor-
mation in question. In other words, the display controller 164
automatically performs a scroll process that has been manu-
ally performed in conventional cases. For example, if the
operator who has pressed down the “Freeze button” further
specifies the maximum waveform display area 102 or the
measured value display area 103 with a mouse or the like, the
display controller 164 controls the monitor 2 to display a
group of Doppler waveforms for a period of continuous heart
beats centering on the Doppler waveform of the maximum
waveform information from the collection waveform data
15a. Alternatively, at the time point when the “Freeze button”
is pressed down, the display controller 164 controls the moni-
tor 2 to display a group of Doppler waveforms for a period of
continuous heart beats centering on the Doppler waveform of
the maximum waveform information from the collection
waveform data 15a, for example. FIG. 10 is a diagram illus-
trating an example of the scroll process performed by the
display controller according to the first embodiment.

[0098] Forexample, the display controller 16d recovers the
display area to the state illustrated in the upper diagram of
FIG. 8 and controls the waveform display area 100 to display
a group of Doppler waveforms for a period of about 6.5 heart
beats centering on the Doppler waveform of the maximum
waveform information as illustrated in FIG. 10. The example
in FIG. 10 illustrates a group of Doppler waveforms for a
period of about 6.5 heart beats centering on the Doppler
waveform at about 8 seconds before the time when the
“Freeze button” is pressed down. Because the waveform dis-
play area 100 displays continuous Doppler waveforms for
about 4.2 seconds due to the display scales, the display con-
troller 164 performs an automatic scroll process returning to
the past for about 4 seconds in the example illustrated in FIG.
10.

[0099] The operator refers to the Doppler waveforms illus-
trated in FIG. 10 to perform a remeasurement process and
make a storage request. It should be noted that if a storage
request is made in the state illustrated in F1G. 10, both the case
where, as maximum waveform information, image dataof the
maximum waveform information in question is stored and the
case where, as maximum waveform information, image data
of all Doppler waveforms illustrated in FIG. 10 are stored are
acceptable.

[0100] Next, with reference to FIG. 11, FIG. 12, and FIG.
13, processes performed by the ultrasound diagnostic appa-
ratus according to the firstembodiment are described. F1G. 11
is a flowchart illustrating retention and display processes of
maximum waveform information performed by the ultra-
sound diagnosis apparatus according to the first embodiment.
FIG. 12 is a flowchart illustrating a reset process performed
by the ultrasound diagnosis apparatus according to the first
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embodiment. FIG. 13 is a flowchart illustrating a storage
process performed by the ultrasound diagnosis apparatus
according to the first embodiment.

[0101] In retention and display processes of maximum
waveform information, the detector 16a of the ultrasound
diagnostic apparatus according to the first embodiment deter-
mines if a Doppler waveform of a period of a new heart beat
has been collected as illustrated in FIG. 11 (Step S101). If a
Doppler waveform for a period of a new heart beat has not
been collected (No at Step S101), the detector 16a waits until
a Doppler waveform for a period of a new heart beat is
collected.

[0102] If a Doppler waveform for a period of a new heart
beat has been collected (Yes at Step S101), the detector 16a
detects a peak flow rate of the Doppler waveform in question
using an envelope detection function (Step S102). The deter-
mination unit 165 determines the maximum flow velocity at
the present time point (Step S103).

[0103] The retention controller 16¢ determines if a maxi-
mum flow velocity has been updated (Step S104). If the
maximum flow velocity has been updated (Yes at Step $104),
the detector 16a calculates a measured value from the Dop-
pler waveform of which a new maximum flow velocity is
detected, and the retention controller 16¢ updates maximum
waveform information in the image memory 15 (Step $105).
The display controller 164 updates display of the maximum
waveform information (Step S106).

[0104] After the process of Step S106 or if the maximum
waveform information value is not updated in the determina-
tion process at Step S104 (No at Step S104), the display
controller 164 determines if the Freeze button has been
pressed down (Step S107). If the Freeze button has not been
pressed down (No at Step S107), the detector 16« returns to
Step S101 and determines if a Doppler waveform for a period
of a new heart beat has been collected.

[0105] If the Freeze button has been pressed down (Yes at
Step S107), the display controller 16d controls to display
continuous Doppler waveforms centering on the Doppler
waveform of the maximum waveform information (Step
S108), completing the process. It should be noted that the
automatic scroll process at Step S108 may be performed if the
maximum waveform display area 102 or the measured value
display area 103 is specified after the Freeze button was
pressed down.

[0106] In the reset process, the retention controller 16¢ of
the ultrasound diagnostic apparatus according to the first
embodiment determines if the reset condition is satisfied as
illustrated in FIG. 12 (Step S201). If the reset condition is not
satisfied (No at Step S201), the retention controller 16¢ waits
until the reset condition is satisfied.

[0107] Ifthe reset condition is satisfied (Yes at Step S201),
the retention controller 16¢ deletes maximum waveform
information in the image memory 15 (Step S202) and per-
forms the control process exemplified in FIG. 9B, storing
updated maximum waveform information. Thereafter, the
retention controller 16¢ performs the determination process
at Step S201. It should be noted that the retention controller
16¢ completes the reset process if the Freeze button is pressed
down, for example.

[0108] Inthe storage process, the retention controller 16¢ of
the ultrasound diagnostic apparatus according to the first
embodiment determines if'a storage request has been received
from the operator as illustrated in FIG. 13 (Step S301). If a
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storage request has not been received (No at Step S301), the
retention controller 16¢ waits until a storage request is
received.

[0109] If a storage request has been received (Yes at Step
S301), the retention controller 16¢ outputs maximum wave-
form information in the image memory 15 (Step S302) and
completes the process.

[0110] As described above, because maximum waveform
information is displayed in the maximum waveform display
area 102 and the measured value display area 103 in a con-
stantly updated manner in the first embodiment, the operator
can grasp the maximum waveform information without
depending on his or her memory while changing the way of
putting the ultrasonic prove 1 or verbally controlling breath-
ing of the subject P. In addition, the recording period of a
Doppler waveform is set to 10 seconds, for example, in con-
ventional cases. In other words, Doppler waveforms retained
in the collection waveform data 154 in the image memory 15
are Doppler waveforms for the preset recording period. How-
ever, because the control by the retention controller 16¢
ensures the maximum waveform information to be retained in
the Doppler waveform information data 155, the operator can
avoid missing the maximum waveform information and per-
forming a retest. Accordingly. in the first embodiment, it is
possible to alleviate the burden on the operator collecting
Doppler waveforms with the maximum peak flow velocity.

[0111] Furthermore, the first embodiment can alleviate the
burden on the operator performing measurement processes
by tracing the boundaries of Doppler waveforms through
known automatic tracing. The first embodiment also enables
the operator to select a measured value of maximum wave-
form information as necessary. After pressing down the
“Freeze button”, the operator can also manually trace the
envelope of a Doppler waveform displayed on the maximum
waveform display area 102 to control the detector 16a to
perform remeasurement of various values.

[0112] Furthermore, in the first embodiment, performing
the reset process can prevent noise waveforms from being
used for diagnosis of severity of a cardiac valve. The first
embodiment also enables the operator to perform the storage
process of maximum waveform information in a simple man-
ner. In addition, the first embodiment enables the automatic
scroll process, thereby alleviating the burden on the operator.

[0113] Furthermore, in the first embodiment, the maximum
waveform display area 102 and the latest waveform display
area 101 are displayed in parallel at the same scale. Because
the scales for image data displayed in the maximum wave-
form display area 102 and image data displayed in the latest
waveform display area 101 are the same, the operator can
easily compare peak flow velocities of Doppler waveforms of
maximum waveform information and peak flow velocities of
Doppler waveforms displayed in the latest waveform display
area 101.

[0114] Itshouldbenoted that display of measured values of
maximum waveform information is not always necessary
because the operator can grasp the Doppler waveform of
which the peak flow velocity is the maximum value by refer-
ring to image data of the maximum waveform information.
Even in a case where only the image data of the maximum
waveform information is displayed, the operator can easily
estimate peak flow velocities through the use of the same
scale for both the maximum waveform display area 102 and
the latest waveform display area 101 as described above,
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improving the level of reliability of the estimated value
obtained through observation of crest values.

[0115] In a second embodiment, described with reference
to FIG. 14 s a case where maximum waveform information is
displayed in a form different from the first embodiment. FIG.
14 is a diagram illustrating an example of a display process
performed by a display controller according to the second
embodiment. It should be noted that the present embodiment
will also be described on the premise that the predefined
period is a one heart beat period.

[0116] The display controller 164 according to the second
embodiment makes the display scale for image data of the
Doppler waveforms corresponding to maximum waveform
information different from the display scale for image data of
the Doppler waveforms collected by the present time point. In
the first embodiment, image data of maximum waveform
information is displayed in parallel at the same display scale
as that of image data of the Doppler waveforms that have been
collected by the present time point as illustrated in the lower
diagram in FIG. 8. In such a case, the display area of Live
Doppler waveforms will be narrowed down from the wave-
form display area 100 to the latest waveform display area 101.
To address this in the second embodiment, the display con-
troller 164 maintains the display area of the Live Doppler
waveform in the waveform display area 100 and sets a thumb-
nail display area 104 that is the maximum waveform display
area 102 scaled down in size above the waveform display area
100 as illustrated in FIG. 14. In other words, the display
controller 164 according to the second embodiment controls
the thumbnail display area 104 to display scale-down image
data of the Doppler waveforms of maximum waveform infor-
mation. It should be noted that in the example illustrated in
FIG. 14, the display controller 164 sets the measured value
display area 103 above the thumbnail display area 104.
[0117] In the second embodiment, it is possible to display
image data of Doppler waveforms of maximum waveform
information with a display area for the Live Doppler wave-
form secured. Furthermore, by setting the thumbnail display
area 104 in a position apart from the waveform display area
100, the display position of the Doppler waveforms of the
maximum waveform information becomes clear for the
operator. It should be noted that if the monitor 2 has enough
space for display, the display controller 164 may display
enlarged image data of the Doppler waveforms of the maxi-
mum waveform information. Enlargement is useful when the
operator wants to observe the Doppler waveforms of the
maximum waveform information in detail.

[0118] The reset, storage, and scroll processes described in
the first embodiment are applicable to the second embodi-
ment as well. For example, the control unit 16 according to the
second embodiment is able to perform the storage and scroll
processes when the operator specifies the thumbnail display
area 104. Furthermore, also in the second embodiment, con-
trol may be performed so that the manual or automatic noise
determination process described in the first embodiment is
performed. thereby not retaining Doppler waveform informa-
tion of a noise waveform but maintaining maximum wave-
form information retained immediately before the noise
waveform in question. Furthermore, because the second
embodiment can also enable the operator to grasp a Doppler
waveform of which the peak flow velocity is the maximum by
referring to image data of maximum waveform information,
display of measured values of the maximum waveform infor-
mation is not always necessary. In addition, also in the second
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embodiment, when Doppler waveforms are collected through
the PW method, a representative flow velocity detected by the
detector 16a will be a peak flow velocity or an average flow
velocity.

[0119] In a third embodiment, described with reference to
FIG. 15 and FIG. 16 is a case where using an average of peak
flow velocities for a period of a plurality of heart beats. FIG.
15 and FIG. 16 are diagrams illustrating the third embodi-
ment. It should be noted that the present embodiment is also
described on the premise that the predefined period is a one
heart beat period.

[0120] Thedetector 16a according to the third embodiment
calculates an average of representative flow velocities of
Doppler waveforms for the latest predefined period and rep-
resentative flow velocities of Doppler waveforms for at least
onepredefined period that were collected immediately before
the latest Doppler waveforms in question. In the present
embodiment, the detector 16a calculates an average of peak
flow velocities. In other words, the detector 16a calculates an
average of peak flow velocities of Doppler waveforms for a
period of the latest heart beat and peak flow velocities of
Doppler waveforms for at least a period of one heart beat that
were collected immediately before the latest Doppler wave-
forms in question. The determination unit 165 according to
the third embodiment compares the averages sequentially
output from the detector 16a, thereby determining the maxi-
mum average at the present time point (hereinafter, described
as the maximum average).

[0121] Specifically, in the third embodiment, an average of
peak flow velocities in the past continuous three to five heart
beats including the present heart beat is used. Described
below is a case where “3” is set to the number of continuous
heart beats. Also, the description below is on the premise that
Doppler waveforms “D1 to D6” are sequentially detected and
the detector 16a sequentially detects peak flow velocities “V1
to V6” of each of the Doppler waveforms. In addition, until
three Doppler waveforms are collected, the detector 16a out-
puts “V1” and “(V2+V1)/2” to the determination unit 165 as
averages. If three or more of the Doppler waveforms are
collected, the detector 16a sequentially outputs “(V3+V2+
V1)/37, “(V4+V3+V2)/37, “(V5+V4+V3)/3”, and “(V6+
V5+V4)/3” to the determination unit 165. Furthermore, the
determination unit 165 uses absolute values of the values
received from the detector 164 in the present embodiment.

[0122] Asillustrated in FIG. 15, the determination unit 165
sets an initial value for the maximum average to “0”, and
compares the initial value “0” and “V1” that is a first average
(input average) received from the detector 16a. Next, the
determination unit 165 updates the maximum average to
“V1” because “0<V1” as illustrated in FIG. 15. Thereafter,
the determination unit 165 compares “input average: (V2+
V1)/2” and “maximum average: V1”, and updates the maxi-
mum average to “(V2+V1)/2” because “V1<(V2+V1)/2” as
illustrated in FIG. 15.

[0123] Furthermore, the determination unit 165 compares
“input average: (V3+V2+V1)/3” and “maximum average:
(V2+V1)/2”, and updates the maximum average to “(V3+
V2+V1)/3” because “(V2+V1)/2<(V3+V2+V1)/3” as illus-
trated in FIG. 15. Thereafter, the determination unit 165 com-
pares “input average: (V4+V3+V2)/3” and “maximum
average: (V3+V2+V1)/3”, and maintains the maximum aver-
age as “(V3+V2+V1)/3” without updating because “(V3+
V2+V1)/3>(V4+V3+V2)/3” as illustrated in FIG. 15.
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[0124] Furthermore, the determination unit 165 compares
“input average: (V5+V4+V3)/3” and “maximum average:
(V3+V2+V1)/3”, and updates the maximum average to
“(V5+V4+V3)/3” because “(V3+V2+V1)/3<(VE+V4a+V3)/
3” as illustrated in FIG. 15. Thereafter, the determination unit
165 compares “input average: (V6+V5+V4)/3” and “maxi-
mum average: (V3+V4+V3)/3”.

[0125] By sequentially performing the comparison process
using averages illustrated in FIG. 15, the determination unit
165 determines the maximum average at the present time
point. It should be noted that the detector 16a may average out
Doppler waveforms for a period of the latest heart beat and
Doppler waveforms for at least a period of a heart beat that
were collected immediately before the latest Doppler wave-
forms in question, and output a representative flow velocity
detected with a waveform thus averaged as an average of the
above-described values to the determination unit 164.
[0126] Furthermore, the retention controller 16¢ according
to the third embodiment controls to retain Doppler waveform
information of Doppler waveforms for the latest predefined
period out of Doppler waveforms for a plurality of predefined
periods in which the maximum averages were detected as
maximum waveform information in the Doppler waveform
information data 154 in the image memory 15. Specifically,
the retention controller 16¢ controls to retain Doppler wave-
form information of the Doppler waveforms for a period of
the latest heart beat out of Doppler waveforms for a period of
a plurality of heart beats in which the maximum averages
were detected as maximum waveform information in the
Doppler waveform information data 156 in the image
memory 15.

[0127] The example illustrated in FIG. 16 indicates a pro-
cess performed by the retention controller 16¢ based on the
results of the processes performed by the determination 165
illustrated in FIG. 15. It should be noted that in FIG. 16,
maximum waveform information is presented as “I(D3)” ina
case where the latest Doppler waveform is “D3” out of the
three Doppler waveforms in which the maximum averages
were detected.

[0128] First, from the start of the Doppler waveform col-
lection until the time point at which Doppler waveforms for a
one heart beat period have not been collected, the Doppler
waveform information data 155 is in a “No DATA” state as
illustrated in FIG. 16. Next, if the maximum flow velocity is
updated to “V17, the retention controller 16¢ updates data to
be retained by the Doppler waveform information data 155
from “No DATA to “I(D1)” as illustrated in FIG. 16. Next, if
the maximum flow velocity is updated to “(V2+V1)/2”, the
retention controller 16¢ updates data to be retained by the
Doppler waveform information data 156 from “I(D1)” to
[“I(D2)” that is waveform information of a Doppler wave-
form D2 for which “V2” was measured] as illustrated in FIG.
16.

[0129] Next, if the maximum flow velocity is updated to
“(V3+V2+V1)/3”, the retention controller 16¢ updates data to
be retained by the Doppler waveform information data 155
from “I(D2)” to [“I(D3)” that is waveform information of a
Doppler waveform D3 for which “V3” was measured] as
illustrated in FIG. 16. Next, if the maximum average is not
updated from “(V3+V2+V1)/3”, the retention controller 16¢
maintains data to be retained by the Doppler waveform infor-
mation data 155 as “I(D3)” as illustrated in FIG. 16.

[0130] Next, if the maximum flow velocity is updated to
“(V5+V4+V3)/3”, the retention controller 16¢ updates data to
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be retained by the Doppler waveform information data 155
from “I(D3)” to [“I(D5)” that is waveform information of a
Doppler waveform D5 for which “V5” was measured] as
illustrated in FIG. 16.

[0131] The display controller 164 displays maximum
waveform information in a sequentially updated manner in
the display form described in the first embodiment or in the
display form described in the second embodiment.

[0132] As described above, the processes described in the
first embodiment and the second embodiment are processes
of retaining peak flow velocities determined by the unit of one
heart beat. In contrast, in the third embodiment, retention
processes are performed using averages of peak flow veloci-
ties by the unit of a plurality of heart beats. Processes in the
third embodiment are effective in a case where diagnosis is
desired to be performed using relatively stable peak values or
Doppler waveforms for which relatively stable peak values
continue for a plurality of heart beats, not transient peak
values. It should be noted that also in the third embodiment,
when Doppler waveforms are collected through the PW
method, a representative flow velocity detected by the detec-
tor 16a will be a peak flow velocity or an average flow veloc-
ity. In addition, the reset process described with reference to
FIG. 9B is applicable to the third embodiment as well. For
example, the determination unit 165 constantly determines
the maximum average for the last 20 heart beat period under
the control of the retention controller 16¢.

[0133] Inafourth embodiment, described with reference to
FIG. 17A and FIG. 17B is a case where maximum waveform
information is retained in a form different from the third
embodiment. FIG. 17A and FIG. 17B are diagrams illustrat-
ing the fourth embodiment. It should be noted that the present
embodiment is also described on the premise that the pre-
defined period is a one heart beat period.

[0134] In the third embodiment in which maximum wave-
form information is updated using an average of peak flow
velocities for continuous heart beats, there is a case where
even a measured value is desired to be displayed by an aver-
age measure value. In such a case, “(V3+V2+V1)/3” is dis-
played instead of “maximum flow velocity: V3” and image
data of “D3” is displayed, for example.

[0135] If “(V3+V2+V1)/3” and “D3” are displayed as
maximum waveform information, the operator will feel
wrong. In other words, the operator will notbe able to confirm
“(V3+V2+V1)/3” as an estimate even if referring to “D3”.
[0136] Thus, the retention controller 16¢ according to the
fourth embodiment controls to retain average waveform
information that is the average of Doppler waveforms for a
plurality of predefined periods in which the maximum aver-
age was calculated as maximum waveform information in the
Doppler waveform information data 155 in the image
memory 15. Specifically, the retention controller 16¢ controls
to retain average waveform information that is the average of
Doppler waveforms for a plurality of heart beats in which the
maximum average was calculated as maximum waveform
information in the Doppler waveform information data 155 in
the image memory 15.

[0137] As illustrated in FIG. 17A, the retention controller
16¢ according to the fourth embodiment sets a measured
value of maximum waveform information to an average (av-
erage measured value) of various measured values that have
been measured from each Doppler waveform for a plurality of
heart beats in which the maximum average was calculated.
For example, if “(V3+V2+V1)/3” is the maximum average
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and a PPG is specified as a measured value, the retention
controller 16¢ controls the image memory 15 to retain the
average of a PPG measured from D1, a PPG measured from
D2, and a PPG measured from D3 as a measured value of
maximum waveform information.

[0138] Furthermore, the retention controller 16¢ according
to the fourth embodiment controls the image generating unit
14 to generate compounded (median or arithmetic mean)
image data of Doppler waveforms for a plurality of heart beats
in which the maximum average was calculated. Thereafter,
the retention controller 16¢ according to the fourth embodi-
ment controls the image memory 15 to retain the compound
image data as image data of maximum waveform informa-
tion.

[0139] The example illustrated in FIG. 17B indicates pro-
cesses performed by the retention controller 16¢ according to
the fourth embodiment based on the results from the deter-
mination unit 165 illustrated in FIG. 15. It should be noted
that in FIG. 17B, average waveform information in a case
where the three Doppler waveforms from which the maxi-
mum averages were detected were “D1, D2, and D3” are
indicated as “AVE(I(D1), 1(D2), I(D3))”.

[0140] First, from the start of the Doppler waveform col-
lection until the time point at which Doppler waveforms for a
one heart beat period have not been collected. the Doppler
waveform information data 155 is in a “No DATA” state as
illustrated in FIG. 17B. Next, if the maximum average is
updated to “V17, the retention controller 16¢ updates data to
be retained by the Doppler waveform information data 155
from “No DATA” to “I(D1)” as illustrated in FIG. 17B. Next,
if the maximum average is updated to “(V2+V1)/2”, the
retention controller 16¢ updates the data to be retained by the
Doppler waveform information data 155 from “I(D1)” to
“AVE(I(D1), [(D2))” as illustrated in FIG. 17B.

[0141] Next, if the maximum average is updated to “(V3+
V2+V1)/3”, the retention controller 16¢ updates data to be
retained by the Doppler waveform information data 155 from
“AVE(I(D1), I(D2))” to “AVE(I(D1), I(D2), I(D3))” as illus-
trated in FIG. 17B. Next, if the maximum flow velocity maxi-
mum average is not updated from “(V3+V2+V1)/3”, the
retention controller 16¢ maintains the data to be retained by
the Doppler waveform information data 156 of “AVE(I(D1),
1(D2), I{D3))” as illustrated in FIG. 17B.

[0142] Next, if the maximum average is updated to “(V5+
V4+V3)/3”, theretention controller 16¢ updates the data to be
retained by the Doppler waveform information data 155 from
“AVE(I(D1), [(D2), [(D3))” to “AVE(I(D3), 1(D4), [(D5))” as
illustrated in FIG. 17B.

[0143] Furthermore, the display controller 164 controls to
display the maximum waveform information that is the aver-
age waveform information in a sequentially updated manner
in the display form described in the first embodiment or in the
display form described in the second embodiment.

[0144] In the fourth embodiment, the average waveform
information is held and displayed. Therefore, the fourth
embodiment is suitable for a case where it is desirable to
observe heart beats in a relatively long period and to obtain
average maximum flow velocities and the information of
Doppler waveforms for which the average maximum flow
velocities are measured. It should be noted that the reset,
storage, and scroll processes described in the first embodi-
ment are applicable to the third and the fourth embodiments
as well. Furthermore, also in the third and the fourth embodi-
ments, control may be performed so that the manual or auto-
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matic noise determination process described in the first
embodiment is performed, thereby not retaining Doppler
waveform information of a noise waveform but maintaining
maximum waveform information retained immediately
before the noise waveform in question. In addition, also in the
fourth embodiment, when Doppler waveforms are collected
through the PW method, a representative flow velocity
detected by the detector 16a will be a peak flow velocity or an
average flow velocity.

[0145] In the first to the fourth embodiment, cases where
one piece of Doppler waveform information is retained in the
Doppler waveform information data 15b. In a fifth embodi-
ment, described with reference to FIG. 18A, FIG. 18B, and
FIGS. 19 to 22 is a case where a plurality of pieces of Doppler
waveform information are retained in the Doppler waveform
information data 154. FIG. 18A, F1G. 18B, and FIGS. 19 to
22 arediagrams illustrating the fifthembodiment. It should be
noted that also in the present embodiment, description is
made on the premise that the predefined period is a one heart
beat period.

[0146] In other words, the retention controller 16¢ accord-
ing to the fifth embodiment controls to retain Doppler wave-
forms for at least a one heart beat period with maximum
waveform information in the Doppler waveform information
data 155. Specifically, the retention controller 16¢ controls to
retain Doppler waveform information for at least a one heart
beat period with the maximum waveform information in the
Doppler waveform information data 155. Furthermore, the
display controller 164 according to the fifth embodiment
controls the monitor 2 to display a plurality of pieces of
Doppler waveform information retained in the Doppler wave-
form information data 156.

[0147] Described below are patterns of pieces of the Dop-
pler waveform information retained in the Doppler waveform
information data 15b. The patterns are divided into a first
pattern and a second pattern, and the description is made
sequentially for each pattern. It should be noted that the
description below is made for a case where three pieces of
Doppler waveform information are retained in the Doppler
waveform information data 155 as an example.

[0148] In the first pattern, the retention controller 16¢ con-
trols to retain Doppler waveform information for a plurality
of continuous predefined periods including maximum wave-
form information in the Doppler waveform information data
154. Specifically, the retention controller 16¢ controls to
retain Doppler waveform information for continuous heart
beats including maximum waveform information in the Dop-
pler waveform information data 155. For example, as illus-
trated in F1G. 18A, if the retention controller 16¢ controls to
retain maximum waveform information “I(D8)” of a Doppler
waveform “D8” that is the maximum flow velocity at the
present time point, the retention controller 16¢ controls to
retain “I(D7)” and “I(D6)”, each of which is Doppler wave-
form information of two Doppler waveforms collected before
the Doppler waveform “D8”. “I(D7)” is Doppler waveform
information of “D7”, which is a Doppler waveform for a one
heart beat period collected immediately before the Doppler
waveform “D8”, and “1(D6)” is Doppler waveform informa-
tion of “D6”, which is a Doppler waveform for a one heart
beat period collected immediately before the Doppler wave-
form “D7”.

[0149] In the first pattern, the display controller 164 con-
trols to display the thumbnail display area 104 to display “DS,
D7, and D§” as illustrated in FIG. 18B, for example. It should
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be noted that with respect to measured values, both a case
where the display controller 164 controls to display only
measured values included in “I(D8)” and a case where the
display controller 164 controls to display measured values
included in “I(D7)” and “I(D6)” as well as the measured
values included in “1(D8)”.

[0150] In the first pattern, the operator can determine if he
or she should press down the “Freeze button” while acquiring
information of Doppler waveforms for continuous three heart
beats by referring to “D6, D7, and D8”, for example. Further-
more, the operator can observe “D6, D7, and D8 again in
detail after pressing down the “Freeze button”. For example,
if the operator has determined that a value of a peak flow
velocity is rather low compared with “D8” but the waveform
“D6” does not include a noise, the operator can perform
remeasurement using “D6”. In such a case, the operator can
make a storage request of “D6”, not “D§”.

[0151] Furthermore, in the first pattern, even if only “D1 to
D5” are stored in the collection waveform data 15a, scroll
display is possible. For example, if a scroll display request is
made by specifying “D8”, it is possible for the display con-
troller 16d to read at least “D6, D7, and D8” from the Doppler
waveform information data 156 and perform scroll display. It
should be noted that also in the first pattern, it is possible to
perform the reset process described in the first embodiment.
Furthermore, also in the first pattern, control may be per-
formed so that the manual or automatic noise determination
process described in the first embodiment is performed,
thereby not retaining Doppler waveform information of a
noise waveform but maintaining a plurality of Doppler wave-
form information retained immediately before the noise
waveform in question.

[0152] Next, in the second pattern, the retention controller
16¢ controls to retain maximum waveform information in the
Doppler waveform information data 155 at the same time
controlling to maintain at least a piece of past maximum
waveform information that is a piece of Doppler waveform
information having been a piece of maximum waveform
information before the maximum waveform information in
question and to retain the past maximum waveform informa-
tion thus maintained in the Doppler waveform information
data 154. For example, in the second pattern, the retention
controller 16¢ controls to retain maximum waveform infor-
mation at the present time point (latest maximum waveform
information) as illustrated in FIG. 19. Furthermore, in the
second pattern, the retention controller 16¢ controls to main-
tain a first piece of past maximum waveform information that
is Doppler waveform information having been maximum
waveform information before replaced with the latest maxi-
mum waveform information and a second piece of past maxi-
mum waveform information that is Doppler waveform infor-
mation having been maximum waveform information before
replaced with the first piece of past maximum waveform
information.

[0153] The display controller 164 controls the monitor 2 to
display one piece of the latest maximum waveform informa-
tion and two pieces of past maximum waveform information
as illustrated in FIG. 19. This enables the operator to select a
Doppler waveform suitable for diagnosis from three Doppler
waveforms and perform remeasurement processes, scroll
processes, storage processes, and the like. For example, if the
operator specifies the Doppler waveform information of one
of the maximum waveform information and the past maxi-
mum waveform information displayed on the monitor 2, the
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display controller 164 controls the monitor 2 to display con-
tinuous Doppler waveforms including a Doppler waveform
corresponding to the specified Doppler waveform (continu-
ous Doppler waveforms for a period of one or more heart
beats including a Doppler waveform corresponding to the
specified Doppler waveform information).

[0154] With the second pattern above performed, the opera-
tor can securely acquire a Doppler waveform of the maximum
flow velocity generated transiently.

[0155] Here, in a case where the second pattern is per-
formed, maximum waveform information is updated by the
processes performed by the detector 16a and the determina-
tion unit 165 described in the first embodiment. However, in
a case where the second patter is performed, the detector 16a
and the determination unit 165 may perform a first modifica-
tion example or a second modification example as described
below, not a peak hold process.

[0156] In the first modification example in the second pat-
tern, the determination unit 165 compares peak flow veloci-
ties that are representative flow velocities sequentially output
from the detector 16a with an average of peak flow velocities
(average of the maximum flow velocities) that are represen-
tative flow velocities detected from each Doppler waveform
corresponding to the maximum waveform information (latest
maximum waveform information) and the past maximum
waveform information retained in the Doppler waveform
information data 155.

[0157] For example, as illustrated in FIG. 20, the determi-
nation 164 sets an initial value of the maximum flow velocity
average to “0”, and compares the initial value with “V1” that
is a first peak flow velocity (input peak flow velocity ) received
from the detector 16a. The determination unit 165 updates the
maximum flow velocity average to “V1” because “0<V1” as
illustrated in FIG. 20. Thereafter the determination unit 165
compares “input peak flow velocity: V2” and “maximum flow
velocity average: V17, and updates the maximum flow veloc-
ity average to “(V2+V1)/2” because “V1<V2” as illustrated
in FIG. 20.

[0158] Furthermore, the determination unit 165 compares
“input peak flow velocity: V3” and “maximum flow velocity
average: (V2+V1)/2, and maintains the maximum flow veloc-
ity average as “(V2+V1)/2” because “(V2+V1)/2>3” as illus-
trated in FIG. 20. Thereafter, the determination unit 165 com-
pares “input peak flow velocity: V4” and “maximum flow
velocity average: (V2+V1)/2, and updates the maximum flow
velocity average to “(V4+V2+V1)/3” because “(V2+V1)/
2<V4” as illustrated in FIG. 20.

[0159] Furthermore, the determination unit 165 compares
“input peak flow velocity: V5 and “maximum flow velocity
average: (V4+V2+V1)/3, and updates the maximum flow
velocity average to “(V5+V4+V2)/3” because “(V4+V2+
V1)/3<V5” as illustrated in FIG. 20. Thereafier, the determi-
nation unit 165 compares “input peak flow velocity: V6 and
“maximum flow velocity average: (V5+V4+V2)/3”.

[0160] In the first modification example in the second pat-
tern, the determination unit 165 determines the maximum
flow velocity average at the present time point by sequentially
comparing an input peak flow velocity and a maximum flow
velocity average at the time point when the input peak flow
velocity in question was detected, for example.

[0161] Furthermore, in the first modification example in the
second patter, Doppler waveform information of Doppler
waveform used for calculating the maximum flow velocity
average at the present time point is retained in the Doppler
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waveform information data 156 as the latest maximum wave-
form information and past maximum waveform information.
[0162] An example illustrated in FIG. 21 indicates pro-
cesses performed by the retention controller 16¢ based on the
results of the processes performed by the determination unit
165 exemplified in FIG. 20. It should be noted that the
example illustrated in FIG. 21 presents three storage areas of
the Doppler waveform information data 155 with three boxes,
where the most right box stores therein the oldest Doppler
waveform information and the most left box stores therein the
latest Doppler waveform information. Furthermore, in the
example illustrated in FIG. 21, when a new Doppler wave-
form is retained in a state that all the three storage areas of the
Doppler waveform information data 156 retain Doppler
waveform information, the oldest Doppler waveform infor-
mation is discarded.

[0163] First, from the start of the Doppler waveform col-
lection until the time point at which Doppler waveforms for a
one heart beat period have not been collected, the three stor-
age areas of Doppler waveform information data 155 are in a
“No DATA” state as illustrated in FIG. 21. Next, if the maxi-
mum flow velocity average is updated to “V17, the retention
controller 16¢ updates data to be retained by the Doppler
waveform information data 1556 to [“No DATA”, “No DATA”,
“I(D1)”] as illustrated in FIG. 20.

[0164] Next, if the maximum average is updated to “(V2+
V1)/2”, the retention controller 16¢ updates the data to be
retained by the Doppler waveform information data 155 to
[“No DATA”, “I(D2)”, “I(D1)”] as illustrated in FIG. 21.
[0165] Next, if the maximum average of “(V2+V1)/2” is
maintained, the retention controller 16¢ maintains the data to
be retained by the Doppler waveform information data 155 as
[“No DATA”, “I(D2)”, “I(D1)"].

[0166] Next, if the maximum average is updated to “(V4+
V2+V1)/3”, theretention controller 16¢ updates the data to be
retained by the Doppler waveform information data 1556 to
[“I(D4)”, “I(D2)”, “I(D1)”] as illustrated in FIG. 21. Next, if
the maximum average is updated to “(V5+V4+V2)/3”, the
retention controller 16¢ updates the data to be retained by the
Doppler waveform information data 155 to [“I(D5)”, “I(D4)
”, “I(D2)”] as illustrated in FIG. 21. In other words, the
retention controller 16¢ discards the oldest “I(D1)” and newly
retains “I(D5)” as illustrated in FIG. 21.

[0167] Inthe first modification example in the second pat-
tern, both a case where the display controller 164 controls to
display the latest maximum waveform information as maxi-
mum waveform information and a case where the display
controller 164 controls to display average waveform informa-
tion of the latest waveform information and past maximum
waveform information as the maximum waveform informa-
tion are acceptable. Furthermore, the display controller 164
controls to display the maximum waveform information in a
sequentially updated manner in the display form described in
the first embodiment or in the display form described in the
second embodiment.

[0168] In the processes performed for the second modifi-
cation example in the second pattern, the third embodiment
and the first modification example in the second pattern are
combined. In other words, the detector 16a calculates an
average of representative flow velocities (an average of peak
flow velocities, for example) of Doppler waveform for the
latest predefined period (the latest one heart beat period) and
of Doppler waveforms for at least one predefined period (at
least a one heart beat period) collected immediately before



US 2013/0137987 A1

the latest Doppler waveform in question. Furthermore, in the
second modification example in the second pattern, the deter-
mination unit 165 compares the averages sequentially output
from the detector 16a and an average of representative flow
velocities (averages of peak flow velocities, for example)
detected from each Doppler waveform corresponding to
maximum waveform information and past maximum wave-
form information retained in the Doppler waveform informa-
tion data 154.

[0169] For example, as illustrated in FIG. 22, the determi-
nation unit 164 sets an initial value of the maximum flow
velocity average to “0”, and compares the initial value “0” and
“V1” that is a first average (input average) received from the
detector 16a. The determination unit 165 updates the maxi-
mum flow velocity average to “V1” because “0<V1” as illus-
trated in FIG. 22. Thereafter, the determination unit 165 com-
pares “input average: (V2+V1)/2” and “maximum flow
velocity average: V17, and updates the maximum flow veloc-
ity average to “(V2+V1)/2” because “V1<(V2+V1)/2” as
illustrated in FIG. 22.

[0170] Furthermore, the determination unit 165 compares
“Input average: (V3+V2+V1)/3” and “maximum flow veloc-
ity average: (V2+V1)/2”, and maintains the maximum flow
velocity average as “(V2+V1)/2” because “(V2+V1)/2>(V3+
V2+V1)/3” as illustrated in FIG. 22. Thereafter, the determi-
nation unit 165 compares “input average: (V4+V3+V2)/3”
and “maximum flow velocity average: (V2+V1)/2”, and
updates the maximum flow velocity average because “(V2+
V1)2<(V4+V3+V2)/3” as illustrated in FIG. 22. For
example, the determination unit 165 updates the maximum
flow velocity average to “(V4+V2+V1)/3” by searching for a
combination of three values from “V1 to V4” of which the
average is the maximum.

[0171] Thereafter, the determination unit 165 compares
“Input average: (V5+V4+V3)/3” and “maximum flow veloc-
ity average: (V4+V2+V1)/3”, and updates the maximum flow
velocity average because “(V4+V2+V1)/3<(V5+V4+V3)/3”
as illustrated in FIG. 22. For example, the determination unit
164 updates the maximum flow velocity average to “(V5+
V4+V2)/3” by searching for a combination of three values
from “V1 to V5” of which the average is the maximum.
Thereafter, the determination unit 165 compares “input aver-
age: (V6+V5+V4)/3” and “maximum flow velocity average:
(V5+V4+V2)/3”.

[0172] In the second modification example in the second
pattern, the determination unit 165 determines the maximum
flow velocity average at the present time point by sequentially
comparing an input average and a maximum flow velocity
average at the time point when the input peak flow velocity in
question was detected.

[0173] Here, the retention control processes performed by
the retention controller 16¢ based on the results of the pro-
cesses performed by the determination unit 165 exemplified
in FIG. 22 will be in the same pattern in FIG. 21, and the
explanations of the retention control processes are omitted.
[0174]  Also in the second modification example in the sec-
ond pattern, both a case where the display controller 164
controls to display the latest maximum waveform informa-
tion as maximum waveform information and a case where the
display controller 164 controls to display average waveform
information of the latest waveform information and past
maximum waveform information as the maximum waveform
information are acceptable. Furthermore, the display control-
ler 164 controls to display the maximum waveform informa-
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tion in a sequentially updated manner in the display form
described in the first embodiment or in the display form
described in the second embodiment.

[0175] By implementing the first modification example or
the second modification example in the second pattern above,
the operator can also securely acquire a Doppler waveform of
the maximum flow velocity generated transiently. It should be
noted that also in the fifth embodiment, when Doppler wave-
forms are collected through the PW method, a representative
flow velocity detected by the detector 16a will be a peak flow
velocity or an average flow velocity. Furthermore, when the
reset process exemplified in F1G. 9B is performed in the fifth
embodiment, all pieces of data retained in the Doppler wave-
form information data 156 are cleared.

[0176] Inthe firstto the fifth embodiments, cases where the
diagnosed part is a heart have been described. However, the
processes described in the first to the fifth embodiments above
may be applied to other diagnosed part than a heart. In such a
case, a predefined period is not be limited to a one heart beat
period but may be set to a one cycle period of breathing, or a
one cycle period of motion in which an arm is moved up and
down periodically.

[0177] In addition, “maximum waveform information”
retained in the Doppler waveform information data 155 is not
limited to information described in the first to the fifth
embodiments above. For example, “maximum waveform
information” may include “an array of measured values of
Doppler signals for one heart beat” such as blood flow veloci-
ties, power of the blood flow, and variances of blood flow
velocities measured from each Doppler signal extracted to
generate Doppler waveforms for one heart beat, besides rep-
resentative values measured from Doppler waveforms for one
heart beat from which the maximum value was acquired such
as PPG and VTI. Furthermore, “maximum waveform infor-
mation” may include waveform information as “a shape of a
waveform” of a Doppler waveform. As examples of such
waveform information, a peak frequency value of an ampli-
tude characteristic on a frequency axis obtained through fre-
quency conversion of a time waveform and a phase value ata
peak frequency will be suitable. Furthermore, “maximum
waveform information” may include “information of a time
when the maximum value was acquired”. If such “informa-
tion of time” is retained, the operator or the display controller
164 may read out Doppler waveforms for one heart beat from
which the maximum value was acquired from a cine memory
(image memory 15) using the “information of time” and
display in parallel the Doppler waveforms thus acquired with
Doppler waveforms that have been collected by the present
time point, for example.

[0178] Outofthe processes described in the first to the fifth
embodiments, all or part of the processes described as auto-
matic processes may be performed manually, and all or part of
the processes described as manual processes may be per-
formed automatically with a publically known method. In
addition, information on processing procedures, control pro-
cedures, specific names, various data and parameters indi-
cated in the description and drawings above may be changed
as appropriate unless otherwise specified.

[0179] Furthermore, the components of the devices illus-
trated in the drawings indicate only functional concepts
thereof, and the components need not to physically have the
structures as illustrated in the drawings. In other words, spe-
cific forms of the dispersion and integration of the devices are
not limited to those illustrated in the drawings, and all or part
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of the devices may be functionally or physically dispersed or
integrated in any units in accordance with the load, use con-
ditions, and the like for each device. Furthermore, all or any
part of the processing functions performed in each device
may be implemented in a CPU and a computer program
analyzed and run by the CPU, or implemented as hardware
based on wired logic.

[0180] Furthermore, the image processing methods
described in the first to the fifth embodiments may be per-
formed by running an image processing program prepared in
advance on a computer such as a personal computer or a
workstation. The program may be distributed via a network
such as the Internet. Also, the program may be recorded in a
computer-readable recording medium such as a hard disc, a
flexible disc (FD), a compact disc read-only memory (CD-
ROM), a magneto-optical disc (MO), and a digital versatile
disc (DVD), and run when the program is read out from the
recording medium.

[0181] As described above, it is possible to alleviate the
burden on the operator collecting Doppler waveforms with
the maximum peak flow velocity according to the first to the
fifth embodiments.

[0182] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

a detector configured to detect a peak flow velocity of
blood flow velocities acquired from Doppler waveforms
collected in a time-serial manner or a peak value of
average flow velocities of the blood flow velocities as a
representative flow velocity for each predefined period;

a determination unit configured to determine a maximum
value in a predefined polarity of a plurality of represen-
tative flow velocities by comparing values of represen-
tative flow velocities sequentially output from the detec-
tor;

a retention controller configured to control a predefined
memory unit to retain maximum waveform information
that is Doppler waveform information that is informa-
tion on Doppler waveforms, the maximum waveform
information being Doppler waveform information of
Doppler waveforms collected for a period in which the
maximum value was detected; and

adisplay controller configured to control a predefined dis-
play unit to display the maximum waveform information
with Doppler waveform information having been col-
lected by a present time point.

2. The ultrasound diagnostic apparatus according to claim

1, wherein

the Doppler waveform information being maximum wave-
form information includes image data of a Doppler
waveform corresponding to the Doppler waveform
information and a measured value measured from the
Doppler waveform, and
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the measured value including at least one of a maximum
flow velocity, a peak pressure gradient, a mean pressure
gradient, an average flow velocity, and a velocity time
integral.
3. The ultrasound diagnostic apparatus according to claim
1, wherein the retention controller is configured to delete the
maximum waveform information from the predefined
memory unit if a predefined condition is satisfied.
4. The ultrasound diagnostic apparatus according to claim
3, wherein the retention controller is configured to delete the
maximum waveform information if a predefined input unit
receives a delete request from an operator.
5. The ultrasound diagnostic apparatus according to claim
3, wherein the retention controller is configured to delete the
maximum waveform information every time a predefined
period has elapsed.
6. The ultrasound diagnostic apparatus according to claim
2, wherein the detector is configured to detect the represen-
tative flow velocity by detecting an envelope or a gravity
center velocity of the Doppler waveform and to calculate the
measured value by using the envelope thus detected.
7. The ultrasound diagnostic apparatus according to claim
1, wherein the display controller is configured to set the same
display scale for image data of a Doppler waveform corre-
sponding to the maximum waveform information and image
data of Doppler waveforms having been collected by a
present time point and to display in parallel each piece of
image data.
8. The ultrasound diagnostic apparatus according to claim
1, wherein the display controller is configured to set a differ-
ent display scale for image data of a Doppler waveform cor-
responding to the maximum waveform information and
image data of Doppler waveforms having been collected by a
present time point.
9. The ultrasound diagnostic apparatus according to claim
1, wherein the retention controller is configured to output the
maximum waveform information in a predefined file format
to a predefined storage medium if receiving a request to store
the maximum waveform information from an operator.
10. The ultrasound diagnostic apparatus according to claim
1, wherein the display controller is configured to control the
predefined display unit to display continuous Doppler wave-
forms including a Doppler waveform corresponding to the
maximum waveform information if receiving a request to
display the maximum waveform information from an opera-
tor.
11. The ultrasound diagnostic apparatus according to claim
1, wherein
the detector is configured to calculate an average of repre-
sentative flow velocities of latest Doppler waveforms for
the predefined period and representative flow velocities
of Doppler waveforms for at least one predefined period
having been collected immediately before the latest
Doppler waveforms,
the determination unit is configured to determine a maxi-
mum average being a maximum average at the present
time point by comparing averages sequentially output
from the detector, and
the retention controller is configured to control the pre-
defined memory unit to retain Doppler waveform infor-
mation of the latest Doppler waveforms for the pre-
defined period out of Doppler waveforms for a plurality
of predefined periods from which the maximum average
was detected as the maximum waveform information.
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12. The ultrasound diagnostic apparatus according to claim
11, wherein the retention controller is configured to control
the predefined memory unit to retain average waveform infor-
mation averaged from Doppler waveform information of the
Doppler waveforms for the predefined periods from which
the maximum average was calculated as the maximum wave-
form information.

13. The ultrasound diagnostic apparatus according to claim
1, wherein the retention controller is configured to control the
predefined memory unit to retain Doppler waveform infor-
mation for at least one predefined period together with the
maximum waveform information.

14. The ultrasound diagnostic apparatus according to claim
13, wherein the display controller is configured to control the
predefined display unit to display Doppler waveform infor-
mation of a plurality of Doppler waveforms retained in the
predefined memory unit.

15. The ultrasound diagnostic apparatus according to claim
13, wherein the retention controller is configured to control
the predefined memory unit to retain Doppler waveform
information for a continuous plurality of predefined periods
including the maximum waveform information.

16. The ultrasound diagnostic apparatus according to claim
13, wherein the retention controller is configured to control
the predefined memory unit to maintain at least one piece of
past maximum waveform information being Doppler wave-
form information having been maximum waveform informa-
tion before the maximum waveform information, and retain
the piece of past maximum waveform information together
with the maximum waveform information,

17. The ultrasound diagnostic apparatus according to claim
16, wherein if an operator specifies Doppler waveform infor-
mation of one of the maximum waveform information and the
past maximum waveform information displayed on the pre-
defined display unit, the display controller is configured to
control the predefined display unit to display continuous
Doppler waveforms including the Doppler waveform corre-
sponding to the specified Doppler waveform information.

18. The ultrasound diagnostic apparatus according to claim
16, wherein the determination unit is configured compare the
representative flow velocities sequentially output from the
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detector with an average of representative flow velocities
detected from each Doppler waveform corresponding to the
maximum waveform information and the past maximum
waveform information retained in the predefined memory
unit.
19. The ultrasound diagnostic apparatus according to claim
18, whetein
the detector is configured calculate an average of represen-
tative flow velocities of Doppler waveforms for a latest
predefined period and representative flow velocities of
Doppler waveforms for at least one predefined period
collected immediately before the latest Doppler wave-
form, and
the determination unit is configured compare averages
sequentially output from the detector and an average of
representative flow velocities detected from each Dop-
pler waveform corresponding to the maximum wave-
form information and the past maximum waveform
information retained in the predefined memory unit.
20. An image processing method comprising:
detecting, by a detector, a peak flow velocity of blood flow
velocities acquired from Doppler waveforms collected
in a time-serial manner or a peak value of average flow
velocities of the blood flow velocities as a representative
flow velocity for each predefined period;
determining, by a determination unit, a maximum value in
a predefined polarity of a plurality of representative val-
ues by comparing values of representative flow veloci-
ties sequentially output from the detector;
controlling, by a retention controller, a predefined memory
unit to retain maximum waveform information that is
Doppler waveform information that is information on
Doppler waveforms, the maximum waveform informa-
tion being Doppler waveform information of Doppler
waveforms collected for a period in which the maximum
value was detected; and
controlling, by a display controller, a predefined display
unit to display the maximum waveform information
with Doppler waveform information having been col-
lected by a present time point.
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