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ULTRASONIC IMAGING APPARATUS AND
STRESS ECHO BROWSING APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic imag-
ing apparatus that transmits ultrasonic waves to a subject and
receives the reflected waves to measure the state of a site of
the subject, and also relates to a stress echo browsing appa-
ratus.

[0003] The present invention particularly relates to a tech-
nology that allows an ultrasonic imaging apparatus config-
ured to change the magnitude of a load (stress, referred to as
“load” hereinafter) in a plurality of examination stages to
apply to a site of a subject in a plurality of types of stress
echocardiographies and configured to measure the state of the
site by ultrasonic waves every time applying the load, to
acquire a plurality of types of parameters signifying the state
of'the site in each of the examination stages, store the plurality
of types of parameters in categories and easily recognize the
change of the parameters in the above measurement.

[0004] 2. Description of the Related Art

[0005] For example, in a stress echocardiography, regard-
ing deterioration of the cardiac function that does not appear
in a normal resting state, an ischemic state is generated by
applying a load to a heart through an exercise or with a
medical agent. Since changes are thereby caused in cardiac
ventricles or atriums, particularly in systolic functions or
diastolic functions of the left ventricle, it is possible to diag-
nose constructed sites of blood vessels or regions with dete-
riorated heart functions (refer to Japanese Unexamined
Patent Application Publication JP-A 2006-26151). Further-
more, in order to diagnose the degree of seriousness, the state
of the load on the heart is set in stages, which are referred to
examination stages, phases, or stages (hereinafter referred to
as “phases”).

[0006] Inadiagnosis, the wall motion of a heart is observed
or numerically analyzed in real time or with moving images,
and the amount of change thereof is evaluated qualitatively
and quantitatively.

[0007] The numerically analyzed evaluation is convention-
ally performed on the entire heart or a local part thereof by a
method of directly analyzing the motion of a heart, measuring
the ventricular volume or the rate of change, or analyzing the
blood flow velocity.

[0008] Inan ultrasonic imaging apparatus (e.g., JP-A 2006-
26151), aload is applied to a site while the magnitude thereof
is changed in each of a plurality of phases to perform a stress
echocardiography. As described in JP-A 2006-26151, the
load is, for example, an exercise load and a dobutamine stress.
As a typical example of the stress echocardiography based on
the exercise load, measurements are executed on a site in
three phases, i.e., “before loading,” “during loading (at peak
load)” and “after loading (recovery).” Furthermore, as a typi-
cal example of the stress echocardiography based on the
dobutamine stress, measurements are executed on a site in six
phases, i.e., “before loading,” “10y loading,” “20y loading,”
“30y loading,” “40y loading (at peak load)” and “after loading
(recovery).” The number of the phases is not limited by these
examples, but the minimum number of the phases in the stress
echocardiography is two phases, i.e., before loading and dur-
ing loading (e.g., peak load).

[0009] Then, the ultrasonic imaging apparatus analyzes the
motion or strain at a local site in a site image acquired with
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ultrasonic waves at the time of measurement of each phase,
and calculates the values of a plurality of types of parameters
signifying the state of the site. In other words, the values of a
plurality of types of parameters relating to the motion or strain
at the local site are calculated for each phase. Then, such a
comparison of obtaining the difference of parameter values of
adjacent phases is performed, and data indicating the motion
state of the local site is acquired.

[0010] In the abovementioned conventional art, when a
single type of stress echocardiography is executed, the
parameter in each phase is obtained to calculate the amount of
change. Then, alist of examination results of the type of stress
echocardiography is displayed or outputted.

[0011] However, after the stress echocardiography is fin-
ished or when it is desired to interpret images to create a
report on another day, it is difficult to, e.g., quantitatively
grasp the amount of change in Phases 4 through 6 with ref-
erence to Phase 2 from the examination results of the stress
echocardiography of Phases 1 through 6 under Dobutamine
stress A. In other words, the apparatus is not configured to
individually output the parameters from the examination
results, and therefore, it is impossible to, e.g., derive the
parameter of Phase 2 under Dobutamine stress A.

[0012] As aresult, in the abovementioned conventional art,
it is difficult to recognize or visually recognize the amount of
change in a desired format with regard to a specific type of
parameter.

SUMMARY OF THE INVENTION

[0013] An object of the present invention is to provide an
ultrasonic imaging apparatus and a stress echo browsing
apparatus, which make it possible to quantitatively recognize
or visually recognize the amount of change in the state of a
site based on the examination results after a stress echocar-
diography, for example, even when a report, etc., is created
after the stress echocardiography is finished.

[0014] A first aspect of the present invention provides an
ultrasonic imaging apparatus having: a data acquiring part
configured to transmit ultrasonic waves to a subject and
receive the reflected waves to obtain values of a plurality of
types of parameters signifying a state of a site of the subject;
and a controller configured to control the data acquiring part
to acquire values of respective types of parameters by, in a
plurality of types of stress echocardiographies, applying
stress corresponding to one type or the plurality of types to the
site in a plurality of examination stages for each of the types,
and applying no stress in a normal examination, the ultrasonic
imaging apparatus comprising: a storage configured to store
the values of the respective parameters acquired by the data
acquiring part in the stress echocardiographies so as to be
identifiable by the types of the stress echocardiographies, by
the types of the parameters, and by the examination stages; a
display; an operation part; and a display controller having a
list display controller configured to, when a type of the stress
echocardiography is designated through the operation part
and a request for browsing an examination result is received,
read out the values of the parameters of the designated type of
stress echocardiography from the storage, and display a list of
the values of the parameters on a graphic in which one item is
the type of the parameters and the other item is each of the
examination stages of the designated stress echocardio-
graphy.

[0015] According to the first aspect, the examination results
(parameter values) are classified by the type of stress echocar-
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diography, by the phase and by the type of parameter or
provided with tags (identifiers) when stored, so that it is
possible to read out and use them later.

[0016] Furthermore, on the display, the parameter values
are displayed in a table format in which one item takes the
types of parameters and the other item takes the respective
phases of loads, so that it is possible to quantitatively recog-
nize the change in the state of the site.

[0017] Further, in a second aspect of the present invention,
in the ultrasonic imaging apparatus according to the first
aspect: the display controller includes an evaluation display
controller that stores, for each of the types of the parameters,
at least three of a standard range, an over range exceeding the
standard range and an under range below the standard range
as ranges for evaluating the values of the parameters, and that
compare to determine which one of the three ranges that the
values of the parameters belong to each of the values of the
parameters displayed in the list is contained in, and displays
the values of the parameters so that a result of the comparison
determination by identifying a result of the comparison deter-
mination and making it visually recognizable.

[0018] According to the second aspect, it is possible to
recognize whether the value of the parameter at each phase is
within the standard range, or exceeding or below the standard
range, and also the tendency, and it becomes possible to
recognize them as absolute values (as unmodified numerical
values at the time of measurement) or relatively (with refer-
ence to the value of a parameter of a specified phase).
[0019] Further, in a third aspect of the present invention, in
the ultrasonic imaging apparatus according to the second
aspect: the evaluation display controller displays, as a result
ofthe comparison and determination, one or a combination of
a color or shape of characters representing the values of the
parameters belonging to the respective ranges and a color,
pattern or shape of a background of the characters so as to be
differentiated for the ranges, thereby making it possible to
identify and visually recognize.

[0020] Further, in a fourth aspect of the present invention,
in the ultrasonic imaging apparatus according to the third
aspect: the evaluation display controller performs the com-
parison and determination by standardizing the three of the
over range, the standard range and the under range and,
regarding the respective values of the parameters displayed in
the list, for each of the types of the parameters, standardizing
the value of the parameter in each of the examination stages
with a value of a parameter in a specific examination stage.
[0021] In a fifth aspect of the present invention, in the
ultrasonic imaging apparatus according to the fourth aspect:
the list display controller displays one type of parameter so as
to be selectable by the operation part when displaying the list
of the values of the parameters; and the display controller
further includes a graph generator configured to generate a
graph showing change of the values of the parameters in the
respective examination stages with respect to the parameter
of the type selected with the operation part and control the
display to display the graph.

[0022] Further, a sixth aspect of the present invention pro-
vides an ultrasonic imaging apparatus having: a data acquir-
ing part configured to transmit ultrasonic waves to a subject
and receive the reflected waves to obtain values of a plurality
of types of parameters signifying a state of a site of the
subject; and a controller configured to control the data acquir-
ing part to acquire values of respective types of parameters by,
in a plurality of types of stress echocardiographies, applying
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stress corresponding to one type or the plurality of types to the
site in a plurality of examination stages for each of the types,
and applying no stress in a normal examination, the ultrasonic
imaging apparatus comprising: a storage configured to store
the values of the respective parameters acquired by the data
acquiring part in the stress echocardiographies so as to be
identifiable by the types of the stress echocardiographies, by
the types of the parameters, and by the examination stages; a
display; an operation part; and a display controller having: a
list display controller configured to, when a type of the stress
echocardiography is designated through the operation part
and a request for browsing an examination result is received,
read out the values of the parameters of the designated type of
stress echocardiography from the storage, and display a list of
the values of the parameters on a graphic in which one item is
the value of the parameters and the other item is each of the
examination stages of the designated stress echocardio-
graphy; and a graph generator configured to generate a graph
showing changes in the values of the parameters in the respec-
tive examination stages with respect to the parameter of the
type selected with the operation part, and control the display
to display the graph.

[0023] In a seventh aspect of the present invention, in the
ultrasonic imaging apparatus according to the sixth aspect:
the graph generator standardizes, regarding each of the values
ofthe parameters of the selected types, for each of the types of
the parameters, the value of the parameter in each of the
examination stages by a value of a parameter in a specific
examination stage, and plots the standardized values of the
respective types on a single coordinate in which a vertical axis
takes a magnitude of a parameter value with respect to a
standard value and a horizontal axis takes the respective
examination stages, thereby generating.

[0024] Further, in an eighth aspect of the present invention,
in the ultrasonic imaging apparatus according to Claim 6: the
graph generator plots, regarding the respective values of the
parameters of the selected types, for each of the types of the
parameters, each of the values of the parameters of the
selected types on a coordinate in which a vertical axis takes a
magnitude of a parameter value and a horizontal axis takes the
respective examination stages, thereby generating.

[0025] Further, a ninth aspect of the present invention pro-
vides an ultrasonic imaging apparatus, comprising: a control-
ler that follows an examination procedure of applying one
type of stress or a plurality of types of stresses to a site of a
subject in a plurality of examination stages for each of the
types and conducting a plurality of types of stress echocar-
diographies for obtaining parameters signifying states of a
plurality of types of sites at each of the examination stages,
and an examination procedure of applying no stress and con-
ducting a normal examination; a display; an operation part; a
storage; a data acquiring part having: a measuring part con-
figured to, when receiving from the controller an examination
procedure of a stress echocardiography of the type designated
with the operation part, transmit ultrasonic waves to the site,
and receive the reflected waves to obtain the values of the
plurality of types of parameters signifying the state of the site
of the subject based on the received examination procedure;
and a data management part configured to control the storage
to store at least the values of the respective parameters
acquired by the measuring part in the stress echocardio-
graphy, by assigning tags so as to be identifiable by the type of
the designated stress echocardiography, the type of param-
eter, and by the examination stage; and a display controller
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having a list display controller configured to, when the type of
the stress echocardiography finished in the past is designated
through the operation part and a request for browsing the
examination result is received, refer to the tags of the respec-
tive parameters stored in the storage to read out the values of
the respective parameters in the respective examination
stages of the designated type of stress echocardiography, and
display a list of the values of the parameters on a graphic in
which one item takes the types of the parameters and the other
item takes the respective examination stages in the designated
stress echocardiography.

[0026] Further, a tenth aspect of the present invention pro-
vides a stress echo browsing apparatus, comprising: a storage
configured to store values of a plurality of types of parameters
signifying a state of a site of a subject acquired by applying
stress to the site in a plurality of examination stages and
conducting a stress echocardiography with ultrasonic waves
by an ultrasonic imaging apparatus with respect to each of the
examination stages, so as to be identifiable by the type of the
stress echocardiography, by the type of parameter, and by the
examination stage of the stress echocardiography; a display;
anoperation part; and a display controller having a list display
controller configured to, when the type of the stress echocar-
diography is designated through the operation part and a
request for browsing the examination result is received, read
out the values of the parameters of the designated type of
stress echocardiography, and display a list of values of the
parameters on a graphic in which one item takes the types of
the parameters and the other item takes the respective exami-
nation stages in the designated stress echocardiography.
[0027] According to the tenth aspect, it becomes possible to
use the result of examination in a stress echo browsing appa-
ratus that does not have a measuring part.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG.1 is a diagram showing the functional configu-
ration of an ultrasonic imaging apparatus according to an
embodiment of the present invention.

[0029] FIG. 2 is a view for explaining the configuration of
an examination procedure.

[0030] FIG. 3 is a view showing an example of a displayed
list of parameter values.

[0031] FIG. 4 is a view illustrating an example in graph
display showing parameter value changes.

[0032] FIG. 5 is a flowchart showing a series of measure-
ment operations using the ultrasonic imaging apparatus
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Configuration

[0033] An ultrasonic imaging apparatus, a stress echo
browsing apparatus, and a stress echo browsing program
according to an embodiment of the invention will be
described with reference to the drawings. FIG. 1 is a diagram
showing the functional configuration of the ultrasonic imag-
ing apparatus according to the present embodiment.

[0034] The stress echo browsing apparatus is included as
part of FIG. 1, the stress echo browsing program is a program
for implementing the execution functions of the stress echo
browsing apparatus, and these functions will be described
based on FIG. 1. FIG. 2 is a view for explaining the configu-
ration of an examination procedure. FIG. 3 is a view showing
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an example of display of a list of parameter values. FIG. 4 is
a view illustrating an example of graph display showing
parameter value changes. FIG. 5 is a view showing another
example of a graph display representing the change of param-
eter values. FIG. 6 is a flowchart illustrating a series of mea-
surement operations.

[0035] InFIG.1, adata acquiring part 100 includes a mea-
suring part 50 and a data management part 9. Specifically, the
measuring part 50 includes an ultrasound probe 2, a transmit-
ter 3, a receiver 4, a parameter calculator 7, an image genera-
tor 11, and the data management part 9. The data acquiring
part 100 is of a conventional art, except for the data manage-
ment part 9. Furthermore, the data acquiring part 100 is con-
trolled by a measurement controller 18. First, the conven-
tional art will be described briefly.

[0036] The ultrasound probe 2 has an internally installed
ultrasonic transducer (not illustrated) with a plurality of trans-
ducer cells integrated therein. The ultrasound probe transmits
ultrasonic waves generated from the ultrasonic transducer
into a subject 1 as an ultrasonic beam, and receives the
reflected waves therefrom. In the ultrasound probe 2, in
response to an instruction on transmission conditions
received by the transmitter 3 from the measurement controller
18, a specified high-voltage pulse is sequentially applied to
each of the transducer cells at a timing with a specified delay
time in compliance with the transmission conditions,
whereby each of the transducer cells is driven to generate an
ultrasonic beam. On the other hand, each of the transducer
cells of the ultrasonic transducer receives the reflected waves
ofthe ultrasonic beam reflected from the inside of the subject
1, converts the reflected waves to electrical signals (hereinaf-
ter referred to as “received signals™), and transmits the signals
to the receiver 4. The receiver 4 receives the received signals
under receiving conditions instructed by the measurement
controller 18 beforehand. In other words, the received signals
received by the receiver 4 are subjected to gain correction by
a preamplifier, and then subjected to A/D conversion. Data
after the A/D conversion is temporarily written in or read out
from a memory (not illustrated) via a bus at a required timing.
Furthermore, after reading out the data from the memory, the
receiver 4 executes phasing addition on the data, and trans-
mits the data to a B-mode processor 5 or a Doppler processor
6 finally. The B-mode processor 5 and the Doppler processor
6, respectively, execute a process for B-mode image configu-
ration and a process for Doppler-mode image configuration
and transmit the processed image data to the image generator
11 in the display controller 200. At this moment, the pro-
cessed image is stored in the image memory 11a. The image
data used in the image generator 11 is temporarily stored in
the image memory 11a so that various types of processes are
executed thereon, and is read out or written in via the bus
when necessary. Then, the data is converted to analog data by
D/A conversion in the image generator 11, transmitted to the
display controller 200, and displayed on a screen of the dis-
play 17 as an ultrasonic image.

[0037] On the other hand, an examination of a circulatory
organ with the ultrasonic imaging apparatus requires specifi-
cation of a cardiac time phase, storage of an image in the
designated cardiac time phase, and storage of a moving image
at a designated heart rate. Therefore, in order to acquire ECG
signals, which constitute electrocardiographic information of
a living body, the ultrasonic imaging apparatus is equipped
withan ECG unit19. An ECG attachment 20 connected to the
ECG unit 19 is made into contact with the subject 1 of an
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examination target, subtle electric signals within the subject 1
are acquired by the ECG attachment 20, the ECG signals are
amplified by an amplifier (not illustrated) of the ECG unit 19,
and signals called R waves of particularly intense signals are
detected. Data handled by each part is synchronized with the
R waves. The amplified ECG signals are stored in the image
memory 11a via the bus. After that, the measurement control-
ler 18 executes synchronous control with the B-mode proces-
sor 5 and the Doppler processor 6, reads out a B-mode image
and Doppler-mode image subjected to synchronization and
the ECG signals from the image memory 11a, and synthe-
sizes them in the image generator 11, and the display control-
ler 200 controls the display 17 to display a synthesized image.
Accordingly, it is possible to acquire an image in which the
respective images are temporally synchronized, e.g., an
image at the timing of generation of the R waves. Moreover,
the measurement controller 18 controls the storage of an
image or the storage of a moving image based on the ECG
signals in response to a request inputted by the user through
the operation part 16.

[0038] The measurement controller 18 is composed of a
program and a CPU for executing the program, and mainly
executes the functions described in (1) and (2) below while
comprehensively controlling the entire ultrasonic imaging
apparatus.

[0039] (1) The measurement controller 18 has an examina-
tion protocol (hereinafter referred to as an “examination pro-
cedure”) for causing the data acquiring part 100, etc., to
perform an examination as shown in FIG. 2, and instructs
each part according to the examination procedure selected
(designated) by an operator through the operation part 16. In
FIG. 2, a normal examination represents a case in which the
shape of a site or the state of a blood flow velocity, etc. is
measured without stressing the site. A stress echocardio-
graphy represents, as described already, an examination of
measuring the state of a site in a state where the site is
stressed. In the stress echocardiography, one of examination
procedures A, B and C is executed based on an instruction
through the operation part 16. The examination procedure A,
the examination procedure B and the examination procedure
C are set separately depending on the type of a load applied to
the site, the manner of application, the method of measure-
ment, etc. For example, as described above, the procedures
are divided in accordance with the exercise load and the
dobutamine stress. Furthermore, measurement procedures
are separately created for each of the examination procedures
according to the order of applying a load to the site, that is, the
order of phases. Then, after each phase is designated through
the operation part 16, the parameter calculator 7 is caused to
calculate the parameters signifying the state of the site by
analyzing the images measured in the phase.

[0040] (2) Classification tags are generated and transmitted
to the data management part 9.

[0041] When the type of an examination and the phase are
designated through the operation part 16, the measurement
controller 18 executes the control (1) described above, trans-
mits, to the data management part 9, tags for classifying a
normal examination or stress echocardiography as described
above and tags for indicating the phase, and assigns the tags to
the respective parameter values calculated by the parameter
calculator 7.

[0042] For example, as shown in FIG. 2, when an instruc-
tion to execute the normal examination is received, tag “00” is
generated. When an instruction to execute the stress echocar-
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diography is received, the examination procedure and the
phase are designated. If an instruction of the stress echocar-
diography, the examination procedure B and the phase 1 is
received, “B1” (B indicates the examination procedure B of
the stress echocardiography, and “1” indicates the phase) is
generated.

[0043] When the phase is designated, the parameter calcu-
lator 7 executes measurement and calculates the parameters.
As described later, the calculation of the parameters is per-
formed through execution of application software for calcu-
lating parameters. Since the parameter calculator recognizes
which type of parameter is calculated by itself, the parameter
calculator assigns one of tags P1, P2, . . . representing the type
of parameter recognized by itself to the calculated parameter
value, and transmits to the data management part 9.

[0044] The data management part 9 combines the classifi-
cation tag received from the measurement controller 18 and
the classification tag indicating the type of parameters
received from the parameter calculator 7, and stores into the
storage 10. For example, when a tag P1 indicating the type is
received together with the value of a parameter from the
parameter calculator 7, and if a classification tag received
from the measurement controller 18 is B1, a classification tag
“B1-P1” is generated and assigned to the value of the param-
eter. In FIG. 2, as described above, among the tags, A1-An,
B1-Bm and C1-Ck are classifications of the type of an exami-
nation, a measurement procedure and a phase, whereas P1, P2
.. . are tags for classifying the type of a parameter.

[0045] (3) Transmission and reception conditions of the
transmitter and receiver are controlled.

[0046] At the time of measurement in each phase, the mea-
surement controller 18 controls data-processing conditions at
the time of transmission/reception of the transmitter 3 and the
receiver 4, such as a repetition cycle at the time of transmis-
sion, the intensity of an ultrasonic beam, a delay at the time of
transmission, a delay at the time of reception, and phasing.
They may be stored beforehand as a control plan, or may be
controlled in a corrected control plan in response to an
instruction to correct the stored control plan through the
operation part 16.

[0047] InFIG. 1, the parameter calculator 7 receives image
data of a site of a measurement target from the B-mode
processor 5 and/or the Doppler processor 6, and calculates
parameters signifying the state of the site. There are various
types of parameters signifying the state of the site, and typical
examples thereof are the length and area of the site, the
velocity and time of change of the site, and the like.

[0048] As described above, the parameter calculator 7 has
various types of applications software that calculate param-
eters signifying the state of a site of a measurement target
from image data, and executes them by the CPU, thereby
achieving its functions. In other words, the parameter calcu-
lator calculates the values of the parameters by protocols of
the respective applications, and transmits the values of the
parameters with the types of parameters specified by the
applications software, to the data management part 9. The
parameter calculation is executed by the applications soft-
ware, but not all of them are performed automatically. Opera-
tor’s tasks, such as designation of the range of an area
obtained from a curve line on a displayed image by using the
operation part 16 and the display 17 to obtain the parameters
ofthe area, are included. The parameter-calculating function
itself is the same technique as in JP-A 2006-26151 and is a
prior art, so a description thereof is omitted.
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[0049] As described in (2), the data management part 9
causes the storage 10 to store with the classification tag
received from the measurement controller 18 and the tag
indicating the type of parameter received from the parameter
calculator 7. InFIG. 1, the parameter calculator 7 and the data
management part 9 are shown as separate blocks, but they
may be shown in the same block. For example, after a pro-
gram of calculating a parameter value of each application
software for calculating each type of parameter, a command
to assign a tag “X-P1” obtained by synthesizing a variable X
(a classification tag to be received from the measurement
controller 18) and the type of a parameter calculated by the
parameter calculator 7 (e.g., “P1”) to the calculated parameter
value is written. After the calculation of the parameter value,
based on a variable value X=B1 indicating a phase actually
received from the measurement controller 18, it is possible to
assign the “X-P1” tag as a tag “B1-P1.” In the normal exami-
nation, a variable value X=00 is received, and a tag “00-P1”
can be assigned.

[0050] Therefore, the storage 10 stores so as to be identifi-
able by tags by the types of examinations such as the normal
examination and stress echocardiography and, in the case of
the stress echocardiography, by the types of stress echocar-
diographies (by the examination procedures), by the phases,
and by the types of parameters. The storage 10 may also serve
as the image memory 11a.

[0051] InFIG. 1, the display controller 200 includes a list
display controller 12, an evaluation display controller 13, a
graph generator 14, and an interface controller 15. The inter-
face controller 15 composes a user interface together with the
operation part 16 and the display 17, and works as an interface
of information among the internal configuration, the opera-
tion part 16 and the display 17. For example, when a table
witha list of a plurality of items is displayed on the display 17,
a marker becomes settable on a desired item, the item is
selected by setting (or clicking) a determination key with the
operation part 16, and the selected item is transmitted to the
internal main part.

[0052] Inthe description of the operation of each part in the
present embodiment, the description of the interface control-
ler 15 in the exchange of information between each part and
the operation part 16, etc., will be omitted.

[0053] Receiving a request for displaying a list, designation
of the examination type, whether the normal examination or
the stress examination, and designation of the type of stress
echocardiography (the type of examination procedure in FIG.
2) from the operation part 16, the list display controller 12
searches in the storage 10, reads out the parameter value of a
tag matching each designation, embeds the value of the read-
out parameter in a prepared list display format, and controls
the display part 17 to display. The values of parameters are
displayed so as to be embedded in the corresponding items in
a format of a coordinate space in which the items in the
vertical direction take the types of parameters and the items in
the horizontal direction are the phases in order. An example
thereof'is shown in FIG. 3. In FIG. 3, “Measure” indicates a
normal display tag 001 (equivalent to a tag indicating the
normal examination in FIG. 2). “Stress” is a stress echo
display tag 002 (a tag indicating the stress echocardiography
in FIG. 2).

[0054] InFIG.3,the “Stress” is selected and instructed, and
“Protocol A” (equivalent to the examination procedure A in
FIG. 2) is selected and designated from a protocol selection
pull-down menu 003 for stress echo. “Rest,” “10 mcg” and
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“20 mcg” in the horizontal direction represent Phase 005, and
are equivalent to Phase A1, Phase A2 and Phase A3 in FIG. 2,
respectively (m=3). The vertical axis in FIG. 3 indicates items
representing the parameter types with symbols and also indi-
cates the units of the parameter values. For example, EDV
indicates the volume of the left ventricle in the diastolic
phase, ESV indicates the volume in the systolic phase, SV
indicates EDV-ESV, and EF (Ejection Fraction) indicates
(SV/EDV)x100. In a measurement value display area 007 in
FIG. 3, the values of the corresponding parameters are dis-
played.

[0055] The evaluation display controller 13 has, for each of
the parameter types, a threshold in which a range including
the parameter value of a phase designated by the operation
part 16 is a standard range, a threshold for one or a plurality of
ranges in a direction toward greater values than that of the
standard range, and a threshold for one or a plurality of ranges
in a direction toward smaller values than that of the standard
range. The evaluation display controller compares the param-
eter value of each phase with the thresholds to determine the
range to which the parameter value belongs, and displays so
that the belonging range can be visually recognized and iden-
tified from the other ranges. In this identification display, the
evaluation display controller 13 displays so that one of or a
combination of the color or shape of characters representing
the parameter value of the belonging range by the comparison
and determination, or the color, pattern or shape of the back-
ground of the characters are differentiated for every range. In
an example of this display, when the aforementioned list is
displayed on the display 17, a column where the relevant
parameter value is displayed so as to be filled with a color (or
apattern or a sign) for identifying the range to which the value
belongs. This example is shown in FIG. 3. FIG. 3 is a view of
displaying the list as described above. In FIG. 3, the range to
which the parameter value of “Rest” of the Phase 1 belongs is
the standard, and each parameter value is displayed with a
color for the range to which the parameter belongs (FIG. 3
shows with patterns instead of colors, because colors cannot
be used in the drawings for application). The belonging
ranges of the parameters (in FIG. 3, the parameters are
divided into six ranges; it is preferable there are at least three
ranges, i.e., standard, under and over) and the color coding are
shown in a color bar 004 indicating the ratio of change of the
measured values, in the upper part in the middle of FIG. 2.
Therefore, it is possible to directly recognize the degree of
change by the difference in color, as compared with the value
of the parameter of Phase 1. Furthermore, a specific example
of'the identification display may be such that the color for the
standard value is set to black, a gradual change toward
brighter colors in a warm color group is made for increasing
values from the standard value, whereas a gradual change
toward brighter colors in a cold color group is made for
decreasing values.

[0056] The values of the parameters in FIG. 3 are shown
how they have been calculated, that is, in absolute values, but
the determination of a range to which a parameter belongs
may be made with relative comparison by standardizing each
range with a standard range while also standardizing the value
of each parameter with the parameter value of a designated
phase by dividing the former by a parameter value for each
phase.

[0057] InFIG.3,Phasel “Rest”is designated as a standard
for comparison, but any other phase such as 2 and 3 may be
designated by the operation part 16.
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[0058] Receiving, from the operation part 16, a request for
displaying a graph, designation of the examination type,
whether the normal examination or the stress examination,
designation of the type of stress echocardiography (the type
of examination procedure in FIG. 2), and designation of the
type of parameter, the graph generator 14 searches in the
storage 10, reads out the parameter values of tags matching
the respective designations, plots the values of the respective
parameters on a coordinate taking the order of phases on the
horizontal axis and the magnitude of each parameter value on
the vertical axis, and causes the display 17 to display the
graph. With reference to FIGS. 3, 4 and 5, when the param-
eters of types checked through the operation part 16 in a check
box 006 for selecting measurement parameters for graph
display provided at the left end of the respective parameter
items in the list display of FIG. 3 are selected, the graph
generator 14 generates a graph of the parameters. The graph
generator 14 may be configured to be capable of executing
independently from the list display controller 12, etc.

[0059] FIG. 4 shows an example of the graph. When EDV,
ESV, EF, EDV2 and ESV2 are selected in the check box and
a “Graph” key at the bottom is clicked, a graph created by the
graph generator 14 is displayed so as to be overlapped on the
list display. In this graph, the horizontal axis takes the order of
phases and the vertical axis takes the magnitude of a propor-
tion (a ratio value) when the value of each parameter of each
phase is standardized by the parameter value of the Phase 1
(the proportion may be displayed in percentages). In this case,
the change in parameters of each type can be visually recog-
nized on the same coordinate. In FIG. 5, the values of the
parameters are not standardized and are displayed by the
magnitude of the absolute values thereof. Therefore, the
graph generator 14 generates graphs for the respective types
of the designated parameters. The standardization may be
performed by such a method that the difference between the
value of the parameter of Phase 1 and the value of a parameter
of each phase are divided by the value of the parameter of
Phase 1.

(Operation)
[0060] Next, a series of operations for measurement will be
described with reference to FIG. 6. Part of the description

may overlap with a description of the configuration and
operation.

(Step S1)
[0061] After the power is turned on, the display controller

200 controls the display 17 to display an operational guidance
for an examination, and selection by the operator is waited.

(Step S2)

[0062] The operator selects the type of an examination. If
the examination is stress echocardiography, the operator also
selects an examination procedure. The transmission and

reception conditions, etc., of the measuring part 50 are some-
times inputted and set.

(Step S3)

[0063] In the case of a stress examination, Step S4 is
executed, whereas in the case of not a stress examination, a
normal examination in Step 10 is executed.

(Step S4)

[0064] In a case where the examination is stress echocar-
diography, a guidance screen of the phase is displayed. When
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an examination procedure of the stress examination is
selected, the number m of phases is also determined.

(Step S5)

[0065] The operator selects the phase. First, the operator
selects phase k=1.

(Step S6, S7)

[0066] The data acquiring part 100 executes the examina-
tion of Phase 1.

[0067] At this moment, the operator executes regulation
and change of load appropriate for the phase, and also inputs
information (for example, the range of a site to calculate the
volume) necessary for execution of the measurement through
the operation part 16.

(Step S8)

[0068] The data management part 9 assigns a classification
tag to the value of each parameter measured and calculated by
the data acquiring part 100 so that it is possible to specify by
the selected examination type, the type of the examination
procedure, the phase and the type of the calculated parameter,
and causes the storage 10 to store.

(Step S9)

[0069] The measurement controller 18 determines whether
the present phase order k coincides with the planned phase
number m. If it does not coincide, the operation goes back to
step S4, and examinations of the total phase number are
performed until k=m is achieved.

(Step 10)

[0070] If the normal examination is selected, the measure-
ment controller 18 executes the examination based on the
examination procedure for the normal examination. After
execution, a classification tag is assigned to the calculated
value of each parameter, and stored.

[0071] However, in this case, Step S9 is passed (k=m=1).
(Step S11)
[0072] The measurement controller 18 ends the examina-

tion when the examination is finished for all the phases.
[0073] Judging from the above configuration and opera-
tion, the present embodiment is configured so that parameters
signifying the state of a site are classified and stored upon
acquisition, so that it is possible to read out and display at any
time after measurement is finished. Since a variation of the
state from the standard can be displayed as a graph, it is
possible to grasp the variation directly and quantitatively.
[0074] Accordingly, for example, in the diagnosis of a car-
diac function, it is possible to prevent overlooking, and it is
also possible to evaluate qualitatively, quantitatively and effi-
ciently. Furthermore, the efficiency in diagnosis may be
increased.

What is claimed is:

1. An ultrasonic imaging apparatus having: a data acquir-
ing part configured to transmit ultrasonic waves to a subject
and receive reflected waves to obtain values of a plurality of
types of parameters signifying a state of a site of the subject;
and a controller configured to control the data acquiring part
to acquire values of respective types of parameters by, in a
plurality of types of stress echocardiographies, applying a
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stress corresponding to one type or the plurality of types to the
site in a plurality of examination stages for each of the types,
while applying no stress in a normal examination, the ultra-
sonic imaging apparatus comprising:

a storage configured to store the respective parameter val-
ues acquired by the data acquiring part in the stress
echocardiographies so as to be identifiable by the types
of the stress echocardiographies, by the types of the
parameters, and by the examination stages;

a display;

an operation part; and

a display controller having a list display controller config-
ured to, when a type of the stress echocardiography is
designated through the operation part and a request for
browsing an examination result is received, read out the
values of the parameters of the designated type of stress
echocardiography from the storage, and display a list of
the values of the parameters on a graphic in which one
item takes the types of the parameters and the other item
takes the respective examination stages of the desig-
nated stress echocardiography.

2. The ultrasonic imaging apparatus according to claim 1,

wherein:

the display controller includes an evaluation display con-
troller that stores, for each of the types of the parameters,
at least three of a standard range, an over range exceed-
ing the standard range and an under range below the
standard range as ranges for evaluating the values of the
parameters, and that performs comparison to determine
a range containing each of the values of the parameters
displayed in the list from among the three ranges to
which the values of the parameters belong, and displays
the values of the parameters in a manner that a result of
the comparison determination can be identified and
visually recognized.

3. The ultrasonic imaging apparatus according to claim 2,

wherein:

the evaluation display controller displays, as a result of the
comparison and determination, one or a combination of
a color or shape of characters representing the values of
the parameters belonging to the respective ranges and a
color, pattern or shape of a background of the characters
so as to be differentiated for the ranges, thereby making
it possible to identify and visually recognize.

4. The ultrasonic imaging apparatus according to claim 3,

wherein:

the evaluation display controller performs the comparison
and determination by standardizing the three of the over
range, the standard range and the under range and,
regarding the respective values of the parameters dis-
played in the list, for each of the types of the parameters,
standardizing the value of the parameter in each of the
examination stages with a value of a parameter in a
specific examination stage.

5. The ultrasonic imaging apparatus according to claim 4,

wherein:

the list display controller displays one type of parameter so
as to be selectable through the operation part when dis-
playing the list of the values of the parameters; and

the display controller further includes a graph generator
configured to generate a graph showing change of the
values of the parameters in the respective examination
stages with respect to the parameter of the type selected
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through the operation part and configured to control the
display to display the graph.

6. An ultrasonic imaging apparatus having: a data acquir-
ing part configured to transmit ultrasonic waves to a subject
and receive reflected waves to obtain values of a plurality of
types of parameters signifying a state of a site of the subject;
and a controller configured to control the data acquiring part
to acquire values of respective types of parameters by, in a
plurality of types of stress echocardiographies, applying a
stress corresponding to one type or the plurality of types to the
site in a plurality of examination stages for each of the types,
while applying no stress in a normal examination, the ultra-
sonic imaging apparatus comprising:

a storage configured to store the respective parameter val-
ues acquired by the data acquiring part in the stress
echocardiographies so as to be identifiable by the types
of the stress echocardiographies, by the types of the
parameters, and by the examination stages;

a display;

an operation part; and

a display controller having: a list display controller config-
ured to, when a type of the stress echocardiography is
designated through the operation part and a request for
browsing an examination result is received, read out the
values of the parameters of the designated type of stress
echocardiography from the storage, and display a list of
the values of the parameters on a graphic in which one
item takes the values of the parameters and the other
item takes the respective examination stages of the des-
ignated stress echocardiography; and a graph generator
configured to generate a graph showing changes in the
values of the parameters in the respective examination
stages with respect to the parameter of the type selected
with the operation part, and control the display to display
the graph.

7. The ultrasonic imaging apparatus according to claim 6,

wherein:

the graph generator generates by standardizing, regarding
each of the values of the parameters of the selected types,
for each of the types of the parameters, the value of the
parameter in each of the examination stages by a value of
a parameter in a specific examination stage, and plotting
the standardized values of the respective types on a
single coordinate in which a vertical axis takes a mag-
nitude of a parameter value with respect to a standard
value and a horizontal axis takes the respective exami-
nation stages.

8. The ultrasonic imaging apparatus according to claim 6,

wherein:

the graph generator generates by plotting, regarding the
respective values of the parameters of the selected types,
for each of the types of the parameters, each of the values
of the parameters of the selected types on a coordinate in
which a vertical axis takes a magnitude of a parameter
value and a horizontal axis takes the respective exami-
nation stages.

9. An ultrasonic imaging apparatus, comprising:

a controller that follows an examination procedure of
applying one type of stress or a plurality of types of
stresses to a site of a subject in a plurality of examination
stages for each of the types and conducting a plurality of
types of stress echocardiographies for obtaining param-
eters signifying states of a plurality of types of sites at
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each of the examination stages, and an examination pro-
cedure of applying no stress and conducting a normal
examination;

a display;

an operation part;

a storage;

a data acquiring part having: a measuring part configured
to, when receiving from the controller an examination
procedure of a stress echocardiography of the type des-
ignated through the operation part, transmit ultrasonic
waves to the site, and receive reflected waves to obtain
the values of the plurality of types of parameters signi-
fying the state of the site of the subject based on the
received examination procedure; and a data manage-
ment part configured to control the storage to store at
least the values of the respective parameters acquired by
the measuring part in the stress echocardiography, by
assigning tags so as to be identifiable by the type of the
designated stress echocardiography, by the type of
parameter, and by the examination stage; and

a display controller having a list display controller config-
ured to, when the type of the stress echocardiography
finished in the past is designated through the operation
part and a request for browsing the examination result is
received, refer to the tags of the respective parameters
stored in the storage to read out the values of the respec-
tive parameters in the respective examination stages of
the designated type of stress echocardiography, and dis-
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play a list of the values of the parameters on a graphic in
which one item takes the types of the parameters and the
other item takes the respective examination stages in the
designated stress echocardiography.

10. A stress echo browsing apparatus, comprising:

a storage configured to store values of a plurality of types of
parameters signifying a state of a site of a subject
acquired by applying stress to the site in a plurality of
examination stages and conducting a stress echocardio-
graphy with ultrasonic waves by an ultrasonic imaging
apparatus with respect to each ofthe examination stages,
so as to be identifiable by the type of the stress echocar-
diography, by the type of parameter, and by the exami-
nation stage of the stress echocardiography;

a display;

an operation part; and

a display controller having a list display controller config-
ured to, when the type of the stress echocardiography is
designated through the operation part and a request for
browsing the examination result is received, read out the
values of the parameters of the designated type of stress
echocardiography, and display a list of values of the
parameters on a graphic in which one item takes the
types of the parameters and the other item takes the
respective examination stages in the designated stress
echocardiography.
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