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with an image acquisition unit configured to acquire in-
vivo information about an object to be examined as a
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medical image, a setting unit configured to set a target
region of volume measurement in the medial image dis-
played on the display unit, a calculation unit configured
to perform calculation to split the target region into a plu-
rality of volume elements, calculate the moving distance

of the vertices of the volume elements when the target
region of the acquired medical image moves, calculate
the volumes of the volume elements after the movement
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talizing the calculated volumes of the volume elements
after the movement and using the total volume as the
volume of the target region, and a control unit configured
to display the volume of the target region on the display
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Description
Field of the Invention

[0001] The present invention relates to a medical image diagnostic apparatus and volume calculating method for
measuring volume of an organ in a medical image of an organ including a motile organ such as a heart.

Description of Related Art

[0002] Volume of a heart chamber which is one of the motile organs is calculated by a method referred to as the
Simpson’s method. The Simpson’s method calculates volume of a cardiac chamber, for example in the case of using a
medical image, by dividing a volumeter region of the cardiac chamber into a plurality of accumulated cylindrical disks
and summing the respective disk volumes. The Simpson’s method is disclosed, for example in Patent Document 1 and
has been publicly known.

Prior Patent Documents
[0003]

Patent Document 1: JP-T-2007-507248
Patent Document 2: JP-A-2006-247203

[0004] The inventor conducted verification on the following concrete case in the conventional Simpson’s method.
That is, in the case of selecting the above-mentioned cylindrical disk in which a plurality of volumeter regions of the
cardiac chamber are accumulated, in the phases of two heartbeats (a first phase and a second phase) from among the
phases of different beats of a heart, distortion degrees of a first and a second disk were tentatively calculated between
the phases of the first disk and the second disk having different split positions. As a result of the tentative calculations,
distortion degrees of the first disk and the second disk had a great difference between the first phase and the second
phase. Assuming that a disk represents a partial volume of a piece of a heart chamber accurately, the circumferential
surface of the circular cylinder of the disk should always be touching the wall surface of the heart chamber. However in
reality, since the disk has a cylindrical shape which approximates the partial volume of a piece of a heart chamber,
degrees of distortion between the respective disks are different due to the heartbeats since the accumulated positions
of the first disk and the second disk are different.

[0005] Inotherwords, there is a problem in the conventional Simpson’s method that the difference in distortion degrees
of accumulation positions between the disks causes errors in volumeter calculation of the heart chamber.

[0006] The objective of the present invention is to provide a medial image diagnostic apparatus and volume calculation
method capable ofimproving accuracy in volume calculation of an organ compared to the conventional Simpson’s method.

Brief Summary of the Invention

[0007] In order to achieve the above-described objective, the medical image diagnostic apparatus of the present
invention comprises:

an image acquisition unit configured to acquire in-vivo information of an object to be examined as a medical image;
a display unit configured to display the medical image;

a setting unit configured to set a target region of volume measurement in the medical image displayed on the display
unit;

a calculation unit configured to perform calculation for splitting the target region into a plurality of volume elements,
calculate the moving distance of the vertices of the volume elements caused by moving of the target region in the
obtained medical image, calculate volume of the volume elements after the movement using the calculated moving
distance of the vertices, and set the summation of the calculated volumes of volume elements after the movement
as the volume of the target region; and

a control unit configured to cause the display unit to display the volume of the target region.

[0008] Inaccordance with the above-described medical image diagnostic apparatus of the present invention, accuracy
in volume calculation of an organ can be improved more than the conventional Simpson’ s method, since a polyhedron
has a higher degree of conformity with respect to motion of an organ compared to a disk in the conventional Simpson’s
method and volume calculation is performed on a target region which is an organ using polyhedrons having higher
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degree of conformity.
[0009] In order to achieve the above-described objective, the volume calculation method of the present invention
includes:

a first step of acquiring in-vivo information of an object as a medical image by an image acquisition unit;

a second step of displaying the medical image on a display unit;

a third step of setting a target region for volume measurement in the medical image displayed on the display unit
by a setting unit;

afourth step of performing calculation for splitting the target region into a plurality of volume elements by a calculation
unit;

a fifth step of calculating moving distance of the vertices of the volume elements acquired by the calculation unit
due to moving of the target region on the medical image;

a sixth step of calculating the volume of the volume elements after the movement using the moving distance of the
vertices calculated by the calculation unit; and

a seventh step of summing the volumes of the volume elements after the movement calculated by the calculation
unit and setting the result of summation as volume of the target region.

[0010] Inaccordance with the above-described volume calculation method of the presentinvention, accuracy in volume
calculation of an organ can be improved more than the conventional Simpson’s method, since a polyhedron has a higher
degree of conformity with respect to motion of an organ compared to a disk in the conventional Simpson’s method and
volume calculation is performed on a target region which is an organ using the polyhedron having a higher degree of
conformity.

Effect of the Invention

[0011] The present invention can provide the medical image diagnostic apparatus and volume calculation method
capable of improving accuracy of volume calculation of an organ compared to the conventional Simpson’s method.

Brief Description of the Drawings
[0012]

Fig. 1 is an example of a system configuration diagram of the ultrasonic image diagnostic apparatus in a first
embodiment of the present invention.

Fig. 2 is a flowchart of measurement process by the ultrasonic image diagnostic apparatus in the first embodiment
of the present invention.

Fig. 3 is an example of a measurement screen in the ultrasonic image diagnostic apparatus of the first embodiment
related to the present invention.

Fig. 4 shows the principle of segment division in step S12 of Fig. 2.

Fig. 5 is a flowchart of measurement process by the ultrasonic image diagnostic apparatus in a second embodiment
of the present invention.

Fig. 6 shows the principle of volume calculation of polyhedrons in Step S24 of Fig. 5.

Fig. 7 is an example of the system configuration diagram in the ultrasonic image diagnostic apparatus of a third
embodiment related to the present invention.

Fig. 8 is a flowchart of measurement process by the ultrasonic image diagnostic apparatus in the third embodiment
related to the present invention.

Fig. 9 is an example of a measurement screen in the ultrasonic image diagnostic apparatus of the third embodiment
related to the present invention.

Fig. 10 is an example showing a modified pattern of the measurement screen in Fig. 9.

Detailed Description of the Invention

[0013] An embodiment of the present invention will be described below. The medical image diagnostic apparatus of
the present invention is, for example an ultrasonic diagnostic apparatus, X-ray CT apparatus and MRI apparatus. The
case of an ultrasonic diagnostic apparatus will be exemplified in embodiments of the present invention from among the
medical image diagnostic apparatuses. Also, the present invention is not limited to the medical image diagnostic appa-
ratus, and can be applied to various categories such as a medical image processing device. The various categories will
be described later.
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Embodiment 1

[0014] The first embodiment will be described in detail using Fig. 1 ~ Fig. 4.

Fig. 1 is an example of a system configuration diagram of the ultrasonic image diagnostic apparatus. The ultrasonic
diagnostic signal generation unit 1 comprises an ultrasonic probe 11 and an ultrasonic signal transmission/reception
section 12, for transmitting an ultrasonic signal to the object and acquiring the reflected echo signal from the object.
[0015] The ultrasonic probe 11 comprises transducer elements having a scan method such as the linear type, convex
type or sector type and capable of transmitting/receiving ultrasonic waves and arrayed in at least one-dimensional
direction. The ultrasonic probe 11 is to be applied directly to an object so as to acquire ultrasonic signals of the object
by transmission and reception of ultrasonic waves. An example of the ultrasonic probe 11 is a 2D-array probe in which
the transducer elements capable of transmitting and receiving ultrasonic waves are 2-dimensionally arrayed, which can
acquire 3-dimensional ultrasonic signals of the object by one time of ultrasonic-wave transmission and reception.
[0016] The same function as the 2D-array probe can also be achieved by a 1D-array probe. The 1D-array probe has
transducer elements capable of transmitting/receiving ultrasonic waves that are arrayed therein one-dimensionally. The
1D-array probe can be operated almost in the same manner as 2D-array probe by the following operation. The operation
is performed by moving the probe in the direction orthogonal to the array direction of the transducers while being applied
to the object. The 1D-array probe can be moved manually by an operator or mechanically. The mechanical movement
of the 1D-array probe can be executed, for example by oscillating the ultrasonic probe that scans a 2-dimensional cross-
sectional surface by an ultrasonic signal in the direction orthogonal to the 2-dimensional cross-sectional surface so as
to acquire a 3-dimensional ultrasonic signal as disclosed in Patent Document 2. The case of acquiring a 3-dimensional
ultrasonic signal of the object using a 1D-array probe is included in the present embodiment.

[0017] The ultrasonic transmission/reception section 12 drives ultrasonic probe 11, transmits an ultrasonic signal to
the object, receives the reflected echo signal from the object and performs signal processing such as amplification or
phasing on the received reflected echo signal.

[0018] The ultrasonic image generation unit 2 comprises a volume data generation section 21 and image generation
section 22, and has the function that generates 3-dimensional or 2-dimensional image from a 3-dimensional ultrasonic
signals. The volume data generation section 21 generates a 3-dimendional image formed by voxel data from the 2-
dimensional ultrasonic image inputted from ultrasonic signal generation unit 1. The volume data generation section 21
outputs the 3-dimensional image as it is when the image generated by the ultrasonic signal generation unit 1 is a 3-
dimensional image. The image generation section 22 generates a 2-dimensional image from the 3-dimensional image.
[0019] The calculation unit 3 comprises a 3-dimensional coordinate calculation section 31, polyhedron generation
section 32 and volume calculation section 33, and has the function that calculates 3-dimensional coordinates or volume.
The 3-dimensional coordinate calculation section 31 calculates a trajectory of movement of the pixel that exists in the
pre-set target region of which the 3-dimensional coordinates are calculated. The calculation for trajectory of the pixel is
also referred to as the tracking operation.

[0020] The polyhedron generation unit 32 performs approximation operation of a polyhedron on the target region on
which the 3-dimensional coordinate operation is performed. The approximation operation is performed by setting a
plurality of vertices of a polyhedron on the border between the target region on which the 3-dimensional coordinate
operation is performed and the region adjacent to the target region, and drawing line segments among the set plurality
of vertices so as to form a polyhedron. The vertices of the polyhedron will be the object points to be used for a tracking
operation.

The volume calculation section 33 calculates volume of the polyhedron generated by the polyhedron generation section
32, i.e. volume of the target region by the method to be described later.

[0021] The storage unit 4 comprises a program storage section 41 and a calculation result storage section 42, and
has the function to store the algorithm calculated by calculation unit 3 or the programs for controlling the respective
components by the control unit 7, or to store calculation results or ultrasonic signals. The storage unit 4 is a storage
device such as a semiconductor memory, magnetic disk or optical disk.

[0022] The program storage section 41 stores the program containing algorithms such as the tracking operation,
polyhedron generating operation and volume calculation for the calculation unit 3 to perform or the program for controlling
the respective components.

[0023] The calculation result storage section 42 stores the calculation result data calculated by calculation unit 3, and
the ultrasonic signal data, etc. outputted from the respective components. The measurement result data is used for the
output to measurement reports.

[0024] The setting unit 5 comprises devices such as a keyboard, pointing device and switch to be operated by an
examiner. In the present invention, it is the interface by which the examiner sets a target region.

[0025] A trace setting section 51 is for the examiner to trace a depicted organ region in the ultrasonic image displayed
on the display unit 6 using a pointing device. A heart is exemplified here as an organ. The trace setting section 51
executes the operation to trace the position of the endocardium and the epicardium of the region in which a heart is
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depicted on an image. Positional information of the endocardium and the epicardium is indicated by double thick lines
as shown in a cross-section image 202 of Fig. 3. Fig. 3 is an example of a measurement screen of the ultrasonic image
diagnostic apparatus in the first embodiment of the present invention. The outer thick line indicates the epicardium and
the inner thick line indicates the endocardium. The positional information of the endocardium and the epicardium shows
the position where the luminal region and the myocardial region are separated in the heart which is the target region of
cardiac volume measurement. There are three operation methods here for the examiner to trace the region of the
depicted organ.

[0026] (1) The method in which the examiner manually traces the entire positional information of the endocardium
and the epicardium using a pointing device (manual operation). In concrete terms, positional information of the endo-
cardium and the epicardium is inputted by the operator tracing the border of the regions equivalent to the endocardium
and the epicardium while referring to the image of the heart region in the ultrasonic image displayed on the display unit
6. The control unit 7 causes the program storage section 41 to temporarily store the inputted positional information of
the endocardium and the epicardium.

[0027] (2) The method in which the examiner inputs a plurality of points on the border of the endocardium region or
the epicardium region using a pointing device and extracts the border of the endocardium or the epicardium by the
inputted plurality of points on the border (semi-automatic operation). In concrete terms, the examiner inputs a plurality
of border points between the region equivalent to the endocardium and the epicardium and the region adjacent to the
equivalent region while referring to the image of the heart region in the ultrasonic image displayed on the display unit 6.
The control unit 7 receives the inputted plurality of border points, connects them and causes the calculation unit 3 to
execute the interpolation calculation such as the spline interpolation for acquiring the border line of the region as the
positional information of the endocardium and the epicardium. The control unit 7 causes the program storage section
41 to temporarily store the inputted positional information of the endocardium and the epicardium.

[0028] (3) The method in which the examiner inputs the pixel points in the endocardium or the epicardium using a
pointing device and extracts the border of the endocardial or epicardial region by the inputted pixel points (automatic
operation). In concrete terms, the examiner inputs a point for specifying the region equivalent to the endocardium and
the epicardium while referring to the image of the heart region in the ultrasonic image displayed on the display unit 6.
The inputted point is used as the seed for the region growing method. The control unit 7 causes calculation unit 3 to
execute the region extracting operation by the region growing method based on the seed so as to acquire the border
line of the region as the positional information of the endocardium and the epicardium. The control unit 7 causes the
program storage section 41 to temporarily store the acquired positional information of the endocardium and the epicar-
dium.

[0029] A segment setting section 52 sets the border for splitting the heart region into a plurality of polyhedrons by a
predetermined index with respect to every local domain.

[0030] An example of the index for a predetermined segmentation is the 16-splitting method or the 17-splitting method
of myocardium which is recommended by ASE (American Society of Echocardiagraphy). The 17-splitting method, etc.
is becoming the industry-wide standard in cardiac measurement to be executed by a medical image diagnostic apparatus.
The examiner executes the 17-splitting method, etc. on myocardium by directly setting and inputting the 17-splitting
positions on the myocardium on an image while referring to the image on the image display unit 61.

[0031] An LCD monitor, organic EL monitor or CRT can be used for the image display section 61 of the display unit
6, and the image display section 61 displays the 3-dimensional ultrasonic image or the 2-dimensional ultrasonic image
outputted from the ultrasonic image generation unit 2 on a display screen.

[0032] The control unit 7 is respectively connected with the ultrasonic signal generation unit 1, the ultrasonic image
generation unit 2, the calculation unit 3, the storage unit 4, the setting unit 5 and the display unit 6 so as to execute
overall control of a series of process so that each process to be executed by the ultrasonic diagnostic apparatus from
image measurement and volume calculation of an organ to image display can function properly. In other words, the
control unit 7 functions as the central processing unit (CPU) in the computer system.

[0033] The above-described components function as below in the first embodiment. First in the first embodiment, the
ultrasonic signal generation unit 1 acquires in-vivo information of an object as a medical image. The display unit 6 displays
the acquired medical image. The setting unit 5 sets the target region for volume measurement in the medical image
displayed on a display unit. The calculation unit 3 executes the calculation for splitting the target region into a plurality
of volume elements, calculates the moving distance of the vertices of the volume elements caused by motion of the
target region in the image, calculates the volume of the volume elements after the movement using the calculated moving
distance of the vertices and the coordinates, sums up the calculated volumes of the volume elements and sets the
summed up volume as the volume of the target region. The control unit 7 causes the display unit to display the volume
of the target region.

[0034] Next, an example of measurement process to be carried out by an ultrasonic diagnostic apparatus will be
described using the flowchart shown in Fig. 2. Fig. 2 is the flowchart of measurement process to be executed by the
ultrasonic diagnostic apparatus in the first embodiment of the present invention.
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(Step S11)

[0035] The examiner generates a 3-dimensional ultrasonic image of an object in advance by applying the ultrasonic
probe 11 of the ultrasonic signal generation unit 1 to the object and scanning a 2-dimensional ultrasonic image or a 3-
dimensional ultrasonic image of the object’s heart. The control unit 7 further reads in the 3-dimensional ultrasonic image
generated by the volume data generation unit 21 from the ultrasonic signals generated by the ultrasonic signal generation
unit 1 to the calculation result storage section 42, and causes the image display section 61 to display a 3-dimensional
ultrasonicimage 208 of the object’s heart. The examiner sets positional information of the endocardium and the epicardium
in the image of the object’s heart shown as the thick lines in a cross-sectional image 202, etc. of Fig. 3 by the manual,
semi-automatic or automatic operation to execute the above-described tracing using a pointing device provided in the
setting unit 5. The control unit 7 receives the calculation result in the border of the region equivalent to the endocardium
and the epicardium set by the examiner, and causes the program storage section 41 to temporarily store the positional
information of the endocardium and the epicardium.

(Step S12)

[0036] The examiner sets the splitting positions of the myocardium in the endocardium or the epicardium to the segment
setting section 52. The control unit 7 receives the setting of the segment setting section 52 and sets the splitting positions
of the myocardium in the endocardium or the epicardium by manual operation of the examiner or calculation performed
by the 3-dimensional coordinate calculation section 31.

[0037] In order to describe the concrete setting procedure, the method for manually setting a 3-dimensional ultrasonic
image on the cross-sectional images 202 ~ 207 wherein the Multi Planar Reconstruction (MPR) process is executed
and cut out as the 2-dimensional ultrasonic images will be described here. The cross-sectional images 202 ~ 207 are
a cardiac apex four-chamber image 202, cardiac apex two-chamber image 203, cardiac apex long-axis image 204,
short-axis cardiac apex image 205, short-axis papillary muscle image 206 and short-axis cardiac base image 207 to be
the standard 2-dimensional cross-sectional images.

[0038] Also, the myocardium is divided into 16 segments based on the myocardial 16 splitting method which is rec-
ommended by the ASE. The breakdown of the 16 segments are: 6 segments of the short-axis cardiac base image 207,
6 segments of the short-axis papillary muscle image 206 and 4 segments of the short-axis cardiac apex image 206. The
splitting positions of the segments are clearly specified by, for example a parting line 216 (thick dashed line). The
examiner moves the position of the parting line using a pointing device in the setting unit 5 and sets the line to the splitting
positions in the myocardium.

[0039] The examiner sets the splitting position in the circumferential direction on the short-axis cardiac apex image
205, short-axis papillary muscle image 206 and the short-axis cardiac base image 207, and also sets the splitting position
in the long-axis direction on the cardiac apex images 202 ~ 204. The control unit 7 further receives the set cardiac
splitting positions and causes the program storage section 41 to temporarily store the cardiac splitting positions.

(Step S13)

[0040] The control unit 7 reads out the endocardium and the epicardium set in step S11 and the splitting positions in
the myocardium set in step S12 from the program storage section 41, and displays them by respectively superimposing
them over a part of the cardiac apex four-chamber image 202, cardiac apex two-chamber image 203, cardiac apex long-
axis image 204, short-axis cardiac apex image 205, short-axis papillary muscle image 206, short-axis cardiac base
image 207 and 3-dimensional ultrasonic image 208 displayed on the display unit 6.

[0041] The examiner sets the position of the tracking point which moves due to heartbeats while referring to the
endocardium and the epicardium set in step S11, the splitting position set in the myocardium in step S12 and the position
of the respective images such as the cardiac apex four-chamber image 202 using the pointing device of the setting unit
5. The tracking point is set on the surface of the endocardium and the epicardium as well as on the side of the parting
line 216 which indicates the border of the segment. The control unit 7 further receives the position of the set tracking
point and causes the program storage section 41 to temporarily store the position of the tracking point.

(Step S14)

[0042] The control unit 7 reads out the position of the tracking point from the program storage section 41, and follows
the same region in the image acquired at different times during heartbeats. The region having the highest degree of
correlation is also included in the same region. As for the tracking method, for example the block matching method is
used. The block matching method is a commonly-known method that cuts out a part of a first region including the tracking
point of the processing target before the movement and a second region including the tracking point of the processing
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target after the movement, and searches the second region having the most approximated size, shape or pixel distribution
to the first region.

[0043] Since the 3-diemnsional coordinates of the first region before the movement are given when the MPR process
is executed in step S12, the 3-dimensional coordinates of the second region after the movement can be acquired if the
moving distance of the first region is obtained by the control unit 7 by breaking down the obtained relative distance in
the axis direction of the reference axis of the 3-dimensional coordinates and adding the relative distance in the axis
direction of the broken down reference axis and the 3-dimensional coordinates of the first region. Also, not the tracking
point itself but the amplitude value of the RF signal in the vicinity of the tracking point or the image voxel value may also
be used for the block matching method. Since the tracking operation can be obtained by the coordinates of the moved
position in each volume of the respective tracking points, modification of the segment shape is also measured substan-
tively at this time.

[0044] The control unit 7 further receives the acquired 3-dimensional coordinates of the second region, and causes
the program storage section 41 to temporarily store the 3-dimensional coordinates of the second region.

(Step S15)

[0045] The control unit 7 reads out the tracking point and 3-dimensional coordinates of the second region from the
program storage section 41, creates a plurality of volume elements (tetrahedrons here) having the tracking point as their
vertex, and obtains volume of the segment from the summation of the created tetrahedrons. While a tetrahedron is
exemplified in this step, the point is that a desired organ (measurement target) for measuring its volume is to be divided
into a plurality of volume elements. The volume elements are disclosed in, for example "The basics of deformation and
flux" by Takahiko Tanahashi, published by Sankei-sha in 2004.

[0046] The control unit 7 further causes the calculation unit 3 to obtain volume of the organ region by summing the
segments, since an organ region to be measured such as a cardiac chamber is divided into a plurality of segments.
[0047] In concrete terms, the method for calculating the polyhedron volume for each segment is shown in Fig. 4. Fig.
4 is a diagram showing the principle of segment splitting described in step S12 of Fig. 2. Fig. 4(a) is an example of
extracting a desired segment 401 from the entire left ventricle of a heart. Fig. 4(b) is an example of splitting the segment
501 into a cardiac chamber side segment 401c and a myocardium-side segment 401d. Fig. 4(c) is an example of placing
the cardiac chamber side segment 401c by itself and further splitting the cardiac chamber side segment 401c into 10
tetrahedrons. In Fig. 4(c), a black circle 402c in the segment border is set as a tracking point and a tracking point 403c
(white circle) is also set on the endocardium. Fig. 4(d) is an example of placing the myocardial side segment 401d by
itself and further splitting the segment 401d into 18 tetrahedrons. In Fig. 4(d), a black circle 402d in the segment border
is set as a tracking point and a tracking point 403d (white circle) is also set on the endocardium. In Fig. 4(e), one of the
tetrahedrons which are broken down in Fig. 4(c) is presented.

[0048] The case that a segment is split into a plurality of (p-number of) tetrahedrons will be described below. The
respective sides of one tetrahedron become a vector since they move due to heartbeats. When the sides of the tetrahedron
are defined as vectors PO, P1, P2 and P3, volume vi of the tetrahedron can be expressed by the equation 1 which is
one-sixth of the vectorial matrix based on PO.

[Equation 1]
.1
Vi = gdet(P1 -P,,P,-P,, P, -P,)

[0049] Also, volume Vsegment of the segment is the summation of volumes vi (i=1, 2, ..., p) of the tetrahedron which
can be expressed by the equation 2.
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[Egquation 2]

p .
I/Segment = ZV(J)
i=1

[0050] Further, volume V of the entire organ can be expressed by the equation 2, assuming that the organ is split into
g-number of segments, by summing volumes Vsegment (i=1, 2, ..., q).

[Equation 3]

q
V — Z Vsegment (])

J=1

[0051] The control unit 7 causes the calculation 3 to calculate volume of the cardiac chamber by summing only the
segments on the cardiac chamber side. Also, the control unit 7 causes the calculation 3 to calculate volume of the cardiac
muscle by summing only the segments on the cardiac muscle side. As for volume of a cardiac muscle, weight of the
cardiac muscle can also be calculated by multiplying the calculated volume of the cardiac muscle by specific gravity of
the cardiac muscle.

(Step S16)

[0052] The control unit 7 causes image display section 61 to display the cardiac apex four-chamber image 202, cardiac
apex two-chamber image 203, cardiac apex long-axis image 204, short-axis cardiac apex image 205, short-axis papillary
muscle image 206, short-axis cardiac base image 207 and 3-dimensional ultrasonic image 208, and also to display
volume of an organ such as a cardiac chamber calculated by the measurement value display section 62 in step S15.
[0053] In accordance with the above-described first embodiment, it is possible to improve accuracy in volume calcu-
lation of an organ compared to the conventional Simpson’s method, since polyhedrons have a higher degree of conformity
with respect to motion of an organ compared to a disk of the conventional Simpson’ s method and volume calculation
is performed on a target region which is an organ using polyhedrons having higher degree of conformity. Also, a char-
acteristic effect of the first embodiment is that an examiner can perform calculation by setting the splitting process or
the number of segment splits and polyhedrons as desires according to the degree of precision in volume calculation, in
order to split a target organ for measuring its volume into segments or polyhedrons interactively. Also, both a cardiac
chamber and a cardiac muscle of a heart can be measured in detail as a whole or for each segment. Also, since distortion
of segments due to movement of the target organ is traced, volume change due to the distortion can be measured more
accurately. Though the shape of a heart has complex irregularity, the volume can be easily calculated by performing
polyhedron approximation.

Embodiment 2

[0054] The second embodiment will be described in detail using Fig. 5 and Fig. 6.

The same ultrasonic diagnostic apparatus as the first embodiment will be exemplified below.

An example of measurement process by the ultrasonic diagnostic apparatus in the second embodiment related to the
present invention will be described using the flowchart shown in Fig. 5. Fig. 5 is the flowchart showing measurement
process by the ultrasonic diagnostic apparatus in the second embodiment related to the present invention.

(Step S21)

[0055] The examiner applies the ultrasonic probe 11 of the ultrasonic signal generation unit 1 to an object, and
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generates ultrasonic signals by scanning a 2-dimensional image or 3-dimensional image of the object’s heart. The control
unit 7 reads in the 3-dimensional ultrasonic image generated by the volume data generation section 21 to the calculation
result storage section 42 from the ultrasonic signal generated by the ultrasonic signal generation unit 1, and causes the
image display section 61 to display the 3-dimensional ultrasonic image 208 of the object’ heart. The examiner sets
positional information of the endocardium and the epicardium on the image of the object’s heart by manual, semi-
automatic or automatic operation for the above-described tracing process using a pointing device of the setting unit 5.
The control unit 7 receives calculation of the border of the region equivalent to the endocardium and the epicardium set
by the examiner, and causes the program storage section 41 to temporarily store the positional information of the
endocardium and the epicardium.

(Step S22)

[0056] The control unit 7 reads out the endocardium and the epicardium set in step S21 from the program storage
section 41, and displays them by respectively superimposing them over a part of the cardiac apex four-chamber image
202, cardiac apex two-chamber image 203, cardiac apex long-axis image 204, short-axis cardiac apex image 205, short-
axis papillary muscle image 206, short-axis cardiac base image 207 and 3-dimensional ultrasonic image 208 displayed
on the display unit 6.

[0057] The examiner sets the position of the tracking point which moves due to heartbeats while referring to the
endocardium and the epicardium set in step S11, the split position of the heart muscle set in step S12 and the position
of the respective images such as the cardiac apex four-chamber image 202 using the pointing device of the setting unit
5. The tracking point is set on the surface of the endocardium and the epicardium as well as on the side of the parting
line 216 which indicates the border of segments. The control unit 7 further receives the position of the set tracking point
and causes the program storage section 41 to temporarily store the position of the tracking point.

(Step S23)
[0058] Step S23 has the same process as step S14 in the first embodiment, thus the explanation thereof will be omitted.
(S24)

[0059] The control unit 7 reads out the tracking point and the 3-dimensional coordinates of the second region from
the program storage section 41, creates a plurality of tetrahedrons having the tracking point at the vertex, and acquires
volume of the segment by summing the created tetrahedrons. Further, volume of the organ region is acquired by summing
the segments since the organ region such as a cardiac chamber which is the target for measurement is formed by a
plurality of split segments.

[0060] The concrete method for calculating volume of the polyhedrons for each segment is shown in Fig. 6. Fig. 6 is
a principle diagram showing the volume calculation of polyhedrons illustrated in step S24 of Fig. 5. Fig. 6(a) shows an
example of extracting a desired tetrahedron 601 on epicardium side and a tetrahedron 602 on the endocardium side
from the whole left cardiac chamber of a heart. Fig. 6(b) shows an example of a target range for volume calculation of
the tetrahedron 601 on the epicardium side. Fig. 6(c) shows an example of a target range for volume calculation of the
tetrahedron 602 on the endocardium side.

[0061] Volume of one tetrahedron can be obtained by the matrix using four points of vectors as described in the first
embodiment. By summing the volume of such obtained tetrahedron volumes in the whole region of the heart, the volume
Vendo of the endocardium side and the volume Vepi on the epicardium side can be respectively obtained. The volume
Vendo on the endocardium side is also the volume Vcavity of the cardiac chamber as it is. The volume Vmyocardium
of the cardiac muscle can be obtained by substracting volume Vendo on the endocardium side from the volume Vepi
on the epicardium side.

(Step S25)

[0062] Step S25 has the same process as step S16 in the first embodiment, thus the explanation thereof will be omitted.
In accordance with the above-described second embodiment, since a polyhedron has a higher degree of conformity
with respect to a target region of motion of an organ compared to a disk of the conventional Simpson’s method and
volume of the organ is calculated using the polyhedrons having higher degree of conformity, it is possible to improve
accuracy in volume calculation of the organ compared to the conventional Simpson’ s method. Also, the characteristic
effect of the second embodiment is that volume calculation of an organ can be performed by omitting the process for
segment division described in the first embodiment.
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Embodiment 3

[0063] The third embodiment explains an example for diagnosing a disease using information on volume of an organ
acquired by the first embodiment or time change of the volume.

[0064] The third embodiment will be described in detail referring to Fig. 7 ~ Fig. 10.

Fig. 7 is an example of a system configuration diagram of the ultrasonic diagnostic apparatus in the third embodiment
related to the present invention.

In the system configuration diagram of the ultrasonic diagnostic apparatus in the third embodiment, description on the
repeated components in the first embodiment will be omitted and only different components will be described.

[0065] To the calculation unit 3 in the third embodiment, a disease estimation section 34 is added to the 3-dimensional
coordinate calculation section 31, the polyhedron creation section 32 and the volume calculation section 33.

The disease estimation section 34 estimates the kind of diseases from time change of the volume values of the left
ventricle calculated by the volume calculation section 33.

In the storage unit 4, a disease database 43 will be added to the program storage section 41 and the calculation result
storage section 42.

[0066] The disease database 43 is to be referred to by the disease estimation section 34, and typical images of the
cases such as dilated cardiomyopathy, hypertrophic cardiaomyopathy, local wall motion abnormality and myocardial
asynchronous abnormal shrinkage from among the medical images are categorized and stored in accordance with the
progression of disease.

[0067] Dilated cardiomyopathy will be described below as a concrete example.

Dilated cardiomyopathy occupies a majority of serious heart failure, and is suspected when inner cavity of a left ventricle
of an object is enlarged in an image diagnosis. Doctors confirm diagnosis of dilated cardiomyopathy when both enlarge-
ment of inner cavity volume of a left ventricle and weakening in cardiac contractive force are recognized. The index for
confirming diagnosis of dilated cardiomyopathy is that enlargement is recognized in the diameter of the entire left ventricle
and also in the inner cavity thereof, and that ejection fraction of the left ventricle is recognized as less than 50% in the
result of echocardiogram and contrast study of the left ventricle. The left ventricle ejection fraction is the value that the
ejection volume is divided by the volume of the heart when enlarged, which is used as the index to indicate the pumping
ability of the heart. The ejection volume is the blood volume pumped out when the left ventricle is deflated one time
which is the volume of the heart when deflated is subtracted from the volume when the heart is enlarged.

[0068] Given this factor, a reference image of the enlarged whole left ventricle and reference images having for
example, 70%, 60%, 50%, 40% and 30% of left ventricle ejection fraction are stored in the disease database 43. Examples
of the reference images are the cardiac apex four-chamber image 202, cardiac apex two-chamber image 203, cardiac
apex long-axis image 204, short-axis cardiac apex image 205, short-axis papillary muscle image 206 and short-axis
cardiac base image 207 shown in Fig. 9. Fig. 9 is an example of a measurement screen of the ultrasonic diagnostic
apparatus in the third embodiment related to the present invention.

[0069] The disease estimation section 34 performs comparison operation on the reference image read out from the
disease database 43 and, for example the cardiac apex two-chamber image from among the actually-measured images
of the object. The comparison operation is performed by sequentially subtracting the actually measured cardiac apex
two-chamber image from the images having 70%, 60%, 50% and 40% of left-ventricle ejection fraction from among the
cardiac apex two-chamberimages of the reference images. Then by defining the left-ventricle ejection fraction supposedly
as 70%(normal), 60%(mild case), 50% (moderate case) and 40% (severe case), doctors can use it as the information
for making diagnosis from the actually measured image by setting the case having the smallest difference between the
reference image and the actually measured image as the extent of dilated cardiomyopathy. Also, in the case that the
size of the reference image and the actually-measured image are different at the time of performing the comparison
operation, the comparison operation can be carried out by extracting the respective contours of the reference image
and the actually-measured image, obtaining the respective areas of the reference image and the actually-measured
image in which the contours are extracted, and implementing the image enlargement (or reduction) process to match
one image to the other image using the ratio of the obtained respective areas so that the same size images can be
compared.

[0070] The calculation value display section 62 in the third embodiment displays the volume value of an organ such
as the left ventricle of a heart calculated by the volume calculation section 33 on a display screen.

[0071] In a measurement screen of Fig. 9, the volume value or the rapidity of change is displayed on a 3-dimensional
film surface on a display 209 by adding a hue. Means of adding a hue may be carried out for each segment, or for each
tetrahedron which makes it possible to present more detailed variation.

[0072] Also, the volume value or the rapidity of change can be displayed by pseudo-colorizing on a bull's-eye pattern.
These are displayed as a bull's eye 210 of a myocardial segment and a bull’s eye 211 of a cardiac-chamber segment.
The volume change in the entire organ or in the respective segments can be displayed graphically in a display 212. Any
combination of values such as the total value or average value of segments in the cardiac apex image 205, the papillary
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muscle image 206 and the cardiac base image 207 can be displayed. These are displayed being synthesized with a
biological signal 213 such as an electrocardiogram or phonocardiogram. Since volume change of the entire cardiac
lumen can be calculated, the left ventricle ejection fraction can also be calculated and displayed as display 215. Further,
the name of disease which is estimated by the disease estimation section 34 is displayed in display 214. These calculation
results are stored in the calculation result storage section 42.

[0073] Also, ultrasonic diagnostic image or graphs may also be displayed using the display pattern shown in Fig. 10.
Fig. 10 is an example for explaining another pattern of the measurement screen in Fig. 9. An image 301 is exemplified
in Fig. 10. The biological signals and the measurement values which change with time such as volume curves or volume
change velocity curves are displayed on the left side of Fig. 10. Various measurement values are displayed using a
chart in the center of Fig. 10. For example, the maximum and minimum values or the time to reach the maximum and
minimum values of the respective 17 segments are displayed. Also, the indexes in relation to the average or dispersion
for each of the 17 segments are displayed. In the bull's-eye display on the right side of Fig. 10, the measurement values
are numerically displayed in the respective segments (*-marks in the diagram).

[0074] Next, an example of measurement process by the ultrasonic diagnostic apparatus in the third embodiment of
the present invention will be described using the flowchart shown in Fig. 8. Fig. 8 is a flowchart showing a measurement
process by the ultrasonic diagnostic apparatus in the third embodiment of the present invention.

[0075] The explanation on step S31 ~ step S35 will be omitted since they are the same as in the first embodiment.

(Step S36)

[0076] The control unit 7 causes the disease estimation section 34 to perform comparison operation on the reference
image read out from the disease database 43 and the cardiac apex two-chamber image from among the actually-
measured images of the object. In the comparison operation, the progression degree of the dilated cardiomyopathy in
the actually-measured image is outputted based on the left ventricle ejection fraction of the cardiac apex two-chamber
image from among the reference images. The example of this output here is a moderate case (left ventricle ejection
fraction: 50%).

[0077] The control unit 7 further receives the left ventricle ejection fraction and the progression degree of dilated
cardiomyopathy, and temporarily stores the messages regarding the value of left ventricle ejection fraction and the
progression degree of the dilated cardiomyopathy. The message is, for example "possible mild case of dilated cardio-
myopathy".

(Step S37)

[0078] The control unit 7 causes the image display section 61 to display the cardiac apex four-chamber image 202,
cardiac apex two-chamber image 203, cardiac apex long-axis image 204, short-axis cardiac apex image 205, short-axis
papillary muscle image 206, short-axis cardiac base image 207 and 3-dimensional ultrasonic image 208, and time change
of the volume of an organ such as a ventricle calculated in step S15 by the measurement value display section 62 as a
graph 212.

[0079] Also, the control unit 7 displays a left-ventricle ejection fraction 216 as "ejection fraction: 50%" and a message
214 saying "possible moderate case of dilated cardiomyopathy" on the image screen as the index for diagnosis by doctors.
[0080] Inaccordance with the above-described third embodiment, since a polyhedron has a higher degree of conformity
with respect to motion of an organ for every time series compared to a disk of the conventional Simpson’s method and
volume of the organ is calculated using the polyhedrons having higher degree of conformity, it is possible to improve
accuracy in volume calculation of the organ compared to the conventional Simpson’s method.

[0081] Also, the characteristic effect of the third embodiment is to provide an aid to doctors for diagnosis by displaying
the index of diseases determined from the displacement of volume of an organ using the time change of volume calculation
of the organ.

[0082] Since the control unit 7 can calculate the timing for imaging inversely from the time change of the organ volume
such as the maximum volume or the minimum volume and the actual imaging can be executed at the calculated timing,
it is possible to execute scanning of ultrasonic images without being influenced by individual differences in movement
velocity of the organ.

[0083] While a medical image diagnostic apparatus is exemplified in the respective embodiments, the invention can
be applied to a medical image processing apparatus by replacing the image acquisition unit (ultrasonic signal generation
unit) with an image input unit.

[0084] In this case, the ultrasonic signal generation unit is replaced with the image input unit, and has the following
configuration.

[0085] The ultrasonic image processing apparatus comprises the ultrasonic image input unit, an ultrasonic image
generation unit, a calculation unit, a storage unit, a setting unit, a display unit and a control unit.
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[0086] The ultrasonic image input unit comprises at least one of an external storage media and network drive, and
has function to input ultrasonic images.

[0087] The external storage media is a storage media such as a flexible disk (FD), magnetic disk, optical disk, optical
magnetic disk, USB memory, ZIP memory and SSD memory in which ultrasonic images are stored, capable of reading
the ultrasonic images from a computer system by being loaded in the ultrasonic image processing apparatus if it is a
disk or being connected thereto if it is a memory.

[0088] The network drive in the local area network (LAN) enclosed in a facility such as a hospital is capable of reading
the ultrasonic images from computer system via a server which is installed in the facility and connected to the LAN. Also,
the network drive which is connected to a wide area network (WAN) in a wide communication line is capable of reading
the ultrasonic images from computer system via an external server connected to the WAN.

Industrial Applicability

[0089] The present invention can be applied to various medical image diagnostic apparatuses such as an X-ray CT
apparatus and an MRI apparatus. Also, the present invention can be used for IT devices capable of processing images
obtained from medical image diagnostic apparatuses, such as a computer and various mobile terminals.

Description of Reference Numerals

[0090] 1: ultrasonic signal generation unit, 2: ultrasonic image generation unit, 3: calculation unit, 4: storage unit, 5:
setting unit, 6; display unit, 7: control unit

Claims
1. A medical image diagnostic apparatus comprising:

animage acquisition unit configured to acquire in-vivo information of an object to be examined as a medical image;
a display unit configured to display the medical image;

a setting unit configured to set a target region for volume measurement in the medical image displayed on the
display unit;

a calculation unit configured to perform calculation to split the target region into a plurality of volume elements,
calculates the moving distance of the vertices of the volume elements caused by the movement of the target
region in the acquired medical image, calculates volume of the volume elements after the movement using the
calculated moving distance of the vertices, sums the calculated volumes of the volume elements after the
movement and sets the summed volumes as the volume of the target region; and

a control unit configured to cause the display unit to display the volume of the target region.

2. The medical image diagnostic apparatus according to claim 1, wherein:

the image acquisition unit acquires in-vivo information of the object as a medical image in time series; and
the calculation unit calculates the moving distance of the vertices of the volume elements in time series, calculates
volume of the volume elements in time series based on the moving distance of the vertices, and sums the
calculated volumes of the volume elements in time series.

3. The medical image diagnostic apparatus according to claim 1, wherein the calculation unit performs calculation to
split the target region into plural polyhedrons, and to further split the polyhedrons into volume elements.

4. The medical image diagnostic apparatus according to claim 3, wherein the calculation unit calculates volume of the
polyhedron by obtaining individual volume of plural tetrahedrons which form the polyhedron and summing the
obtained volumes of individual volume elements.

5. The medical image diagnostic apparatus according to claim 3, wherein the calculation unit calculates volume of the
target region by obtaining the individual volume of plural polyhedrons which form the target region and summing

the obtained volumes of individual polyhedrons.

6. The medical image diagnostic apparatus according to claim 3, wherein the control unit causes the display unit to
superimpose and display the parting lines by which the target region is split into the polyhedrons over a 2-dimensional
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image or a 3-dimensional image showing the target region.
The medical image diagnostic apparatus according to claim 6, wherein:

the setting unit further comprises a function to set a tracking point in the case that the size or shape of the target
region changes over time; and

the control unit causes the display unit to superimpose and display on the display unit the set tracking point
with the parting lines.

The medical image diagnostic apparatus according to claim 7, wherein the control unit tracks the same region in
the image acquired at different times including the set tracking point.

The medical image diagnostic apparatus according to claim 1, wherein the control unit causes the display unit to
superimpose and display on the display unit the partition lines by which the target region is split into the volume
elements with the 2-dimensional image or the 3-dimensional image showing the target region.

The medical image diagnostic apparatus according to claim 3, wherein:

the target region includes a heart; and
the setting unit splits the target region into polyhedrons in accordance with the method for splitting a cardiac
muscle into a predetermined number of sections.

The medical image diagnostic apparatus according to claim 1, wherein:

the target region includes a heart; and
the control unit causes the calculation unit to calculate the left ventricle ejection fraction and the display unit to
display the calculated left ventricle ejection fraction on the display unit.

The medical image diagnostic apparatus according to claim 1, wherein:

the target region includes a heart; and
the control unit causes the calculation unit to create a message to support diagnosis based on the left ventricle
ejection fraction and the display unit to display the message for supporting diagnosis.

A volume calculation method including:

afirst step of acquiring in-vivo information of an object to be examined as a medical image by animage acquisition
unit;

a second step of displaying the medical image on a display unit;

a third step of setting a target region for volume measurement in the medical image displayed on the display
unit by the setting unit;

a fourth step of performing calculation for splitting the target region into a plurality of volume elements by the
calculation unit;

a fifth step of calculating moving distance of the vertices of the volume elements caused by movement of the
target region in the medical image acquired by the calculation unit;

a sixth step of calculating volume of the volume elements after the movement using the moving distance of the
vertices calculated by the calculation unit; and

a seventh step of summing the volumes of volume elements after the movement calculated by the calculation
unit and setting the summed volumes as the volume of the target region.

The volume calculation method according to claim 13, wherein:

the first step acquires in-vivo information of an object as a medical image in time series;

the fifth step calculates moving distance of the vertices of the volume elements in time series;

the sixth step calculates volume of the volume elements after the movement based on the moving distance of
the vertices in time series; and

the seventh step sums the calculated volumes of volume elements after the movement in time series.
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