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1
MEDICAL IMAGE PROCESSING
APPARATUS, METHOD, AND PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation of PCT International
Application No. PCT/JP2014/000076 filed on Jan. 10, 2014,
which claims priority under 35 U.S.C. § 119 (a) to Japanese
Patent Application No. 2013-005050 filed on Jan. 16, 2013.
Each of the above application(s) is hereby expressly incor-
porated by reference, in its entirety, into the present appli-
cation.

BACKGROUND

The present invention relates to a medical image process-
ing apparatus, method, and program for extracting a left
ventricular region, a right ventricular region, and the like
from medical image data containing an image of a heart.

Heretofore, various methods have been proposed for
extracting, for example, a left ventricular region of a heart
from a medical image, such as a computed tomography (CT)
image, a magnetic resonance imaging (MRI) image, or an
ultrasound image (refer to H. A. Kirisli et al., “Fully auto-
matic cardiac segmentation from 3D CTA data: a multi-atlas
based approach”, Proc. SPIE, Vol. 7623, Medical Imaging
2010: Image Processing, pp. 762305-1-762305-9, 2010, J.
Ulén et al., “Optimization for Multi-Region Segmentation of
Cardiac MRI”, STACOM’11 Proceedings of the Second
International Workshop on Statistical Atlases and Compu-
tational Models of the Heart: Imaging and Modelling Chal-
lenges, pp. 1-10, 2011, and Y. Zheng et al., “Four-Chamber
Heart Modeling and Automatic Segmentation for 3D Car-
diac CT Volumes Using Marginal Space Learning and
Steerable Features”, IEEE Transactions on Medical Imag-
ing, Vol. 27, No. 11, pp. 1-14, 2008).

Further, four-dimensional medical images in which a time
axis is added to the spatial three-dimensions have become
obtainable in recent years, and more specifically, a plurality
of three-dimensional medical images has become obtainable
during one heartbeat. Analyzing a plurality of such cardiac
three-dimensional images allows further analysis of cardiac
functions, including ejection fraction, end-diastolic volume,
end-systolic volume, stroke volume, cardiac output, and
cardiac mass.

A heart has four rooms, and the automatic extraction of a
left ventricle, which is supposed to be clinically the most
important, has been most intensively studied, but now the
right ventricle, and left and right atriums have also become
the subject of research. Improving the accuracy of automatic
extraction of these rooms will be able to reduce the work
burden on the doctors for correction.

SUMMARY

Here, H. A. Kirisli et al., “Fully automatic cardiac seg-
mentation from 3D CIA data: a multi-atlas based approach”,
Proc. SPIE, Vol. 7623, Medical Imaging 2010: Image Pro-
cessing, pp. 762305-1-762305-9, 2010 and J. Ulén et al.,
“Optimization for Multi-Region Segmentation of Cardiac
MRI”, STACOM’11 Proceedings of the Second Interna-
tional Workshop on Statistical Atlases and Computational
Models of the Heart: Imaging and Modelling Challenges,
pp- 1-10, 2011 propose a method for extracting a plurality of
rooms of a heart simultaneously.
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As the shape of each room of the heart varies from person
to person, however, the combination patterns amount to a
huge number. Therefore, it is necessary to cope with the
huge variations to extract a plurality of rooms simultane-
ously as in the methods described in H. A. Kirisli et al.,
“Fully automatic cardiac segmentation from 3D CTA data:
a multi-atlas based approach”, Proc. SPIE, Vol. 7623, Medi-
cal Imaging 2010: Image Processing, pp. 762305-1-762305-
9, 2010 and I. Ulén et al., “Optimization for Multi-Region
Segmentation of Cardiac MRI”, STACOM’11 Proceedings
of the Second International Workshop on Statistical Atlases
and Computational Models of the Heart: Imaging and Mod-
elling Challenges, pp. 1-10, 2011, but because it is difficult
to represent such a huge number of combination patterns, it
is difficult to simultaneously extract each room with high
accuracy. In particular, the use of shape models which use an
atlas image or a training image as in principal component
models, such as active shape model, causes a difficulty in
getting accuracy.

Y. Zheng et al., “Four-Chamber Heart Modeling and
Automatic Segmentation for 3D Cardiac CT Volumes Using
Marginal Space Learning and Steerable Features”, IEEE
Transactions on Medical Imaging Vol. 27, No. 11, pp. 1-14,
2008 extracts each room individually and reduces the num-
ber of variations in comparison with the case where each
room is extracted simultaneously from the entire heart.

The accuracy is likely to be obtained by reducing the
number of variations to be coped with through individual
room extraction processing, but if an extraction error occurs
in the individual processing, a problem arises that mismatch-
ing occurs in the extraction results of each room.

In view of the circumstances described above, it is an
object of the present invention to provide a medical image
processing apparatus, method, and program capable of
extracting each region corresponding to each room of a heart
with high accuracy.

A medical image processing apparatus of the present
invention includes a medical image data obtaining unit for
obtaining medical image data containing an image of a heart,
and a region extraction processing unit for extracting a left
ventricular region of the heart in the medical image data
obtained by the medical image data obtaining unit, and,
based on an extraction result of the left ventricular region,
performing region extraction processing for extracting at
least one of a right ventricular region, a left atrium region,
and a right atrium region of the heart.

The medical image processing apparatus of the present
invention described above may be configured such that the
region extraction processing unit limits pixels of the medical
image data for a target of the region extraction processing
based on the extraction result of the left ventricular region.

Further, the region extraction processing unit may be
configured to set an evaluation function based on the extrac-
tion result of the left ventricular region and to perform the
region extraction processing by finding an optimal solution
of the evaluation function.

Still further, the region extraction processing unit may be
configured to extract the right ventricular region based on
the extraction result of the left ventricular region, and then
extracts the right atrium region or the left atrium region.

Further, the medical image data obtaining unit may be
configured to obtain a plurality of medical image data in
different phases of one cardiac cycle of the heart which is
beating, and the region extraction processing unit may be
configured to extract a left ventricular region in medical
image data of one medical image in diastole of the plurality
of medical image data, then to extract, based on the extrac-
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tion result of the left ventricular region, at least one of a right
ventricular region, a left atrium region, and a right atrium
region in the medical image data of one medical image in
diastole, and to extract, based on the extraction result of the
medical image data of one medical image in diastole, at least
one of a right ventricular region, a left atrium region, and a
right atrium region in medical image data in a phase other
than that of the medical image data of one medical image in
diastole.

Still further, the region extraction processing unit may be
configured to extract a left ventricular region in medical
image data of one medical image in end-diastole of the
plurality of medical image data, then to extract, based on the
extraction result of the left ventricular region, at least one of
the right ventricular region, the left atrium region, and the
right atrium region in the medical image data of one medical
image in end-diastole, and to extract, based on the extraction
result of the medical image data of one medical image in
end-diastole, at least one of the right ventricular region, the
left atrium region, and the right atrium region in medical
image data in the phase other than that of the medical image
data of one medical image in end-diastole.

Further, the region extraction processing unit may be
configured to receive, if there is an anomaly in the extraction
result of each region in the medical image data of one
medical image in diastole, a manual correction of a contour
point of the region having the anomaly and to perform the
region extraction processing again for the medical image
data in a phase other than that of the medical image data of
one medical image in diastole based on the corrected con-
tour point.

Still further, the region extraction processing unit may be
configured to detect a plurality of landmarks in the medical
image data and to extract the left ventricular region based on
a detection result of the landmarks detected.

Further, the region extraction processing unit may be
configured to receive, if the left ventricular region or the at
least one region has not been extracted based on the extrac-
tion result of the plurality of landmarks, or if there is an
anomaly in the left ventricular region or the at least one
region extracted, a manual correction of the landmarks and
to perform the region extraction processing again based on
the corrected landmarks.

Still further, the region extraction processing unit may be
configured to receive, if the extracted left ventricular region
is abnormal, a manual correction of a contour point of the
left ventricular region and to perform the region extraction
processing again for the left ventricular region based on the
corrected contour point.

Further, three-dimensional image data may be used as the
medical image data.

A medical image processing method of the present inven-
tion includes the steps of obtaining medical image data
containing an image of a heart, extracting a left ventricular
region of the heart in the medical image data obtained, and,
based on an extraction result of the left ventricular region,
extracting at least one of a right ventricular region, a left
atrium region, and a right atrium region.

A medical image processing program of the present
invention causes a computer to function as a medical image
data obtaining unit for obtaining medical image data con-
taining an image of a heart, and a region extraction process-
ing unit for extracting a left ventricular region of the heart
in the medical image data obtained by the medical image
data obtaining unit and, based on an extraction result of the
left ventricular region, performing region extraction pro-

10

20

25

40

45

50

60

65

4

cessing for extracting at least one of a right ventricular
region, a left atrium region, and a right atrium region of the
heart.

According to the medical image processing apparatus,
method, and program of the present invention, medical
image data containing an image of a heart are obtained, then
a left ventricular region of the heart in the medical image
data obtained is extracted, and based on an extraction result
of the left ventricular region, at least one of a right ven-
tricular region, a left atrium region, and a right atrium region
of the heart is extracted. This allows each region of the heart
to be extracted with high accuracy.

That is, the left ventricular region of the heart has a
relatively simple shape and is capable of being extracted
with high accuracy through independent extraction. Then,
using the extraction result of the left ventricular region as
reliable information, other regions are extracted, whereby
extraction accuracy of the other regions may be improved
and extraction errors may be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a medical image diagnosis
support system that uses one embodiment of the medical
image processing apparatus, method, and program of the
present invention, illustrating a schematic configuration
thereof.

FIG. 2 is a flowchart for explaining an operation of the
medical image diagnosis support system that uses one
embodiment of the medical image processing apparatus,
method, and program of the present invention.

FIG. 3 illustrates an example of medical image data
containing an image of a heart.

FIG. 4 illustrates a left ventricular region LV of the heart
in the medical image data shown in FIG. 3.

FIG. 5 illustrates an example of a plurality of landmarks
M in the medical image data.

FIG. 6 illustrates an example of a plurality of landmarks
M in the medical image data.

FIG. 7 is a drawing for explaining region extraction
processing using a graph cut method.

FIG. 8 illustrates an example of a left ventricular region
LV, a right ventricular region RV, a left atrium region LA,
and a right atrium region RA.

FIG. 9 is a drawing for explaining region extraction
processing using an atlas image.

FIG. 10 is a drawing for explaining a method of perform-
ing region extraction processing, using an extraction result
of medical image data of one medical image in diastolic
phase, on medical image data in a phase other than that of
the medical image data of one medical image.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Hereinafter, a medical image diagnosis support system
that uses one embodiment of the medical image processing
apparatus, method, and program of the present invention
will be described in detail with reference to the accompa-
nying drawings. FIG. 1 is a block diagram of the medical
image diagnosis support system that uses the present
embodiment, illustrating a schematic configuration thereof.

As illustrated in FIG. 1, the medical image diagnosis
support system 1 of the present embodiment includes a
medical image processing apparatus 10, a display 20, an
input device 30, and a medical image data storage server 40.
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The medical image processing apparatus 10 is configured
by installing a medical image processing program of the
present embodiment on a computer. The medical image
processing apparatus 10 includes a central processing unit
(CPU) and storage devices, such as for example, a semi-
conductor memory, a hard disk on which the medical image
processing program of the present embodiment is installed,
and a solid state drive (SSD). These pieces of hardware
constitutes a medical image data obtaining unit 11, a region
extraction processing unit 12, and a display control unit 13.
Then, each unit operates when the medical image processing
program installed on the hard disk is executed by the central
processing unit.

The medical image data obtaining unit 11 obtains medical
image data containing an image of a heart captured in
advance. The medical image data may be tomographic
image data outputted, for example, from a CT system, a MRI
system, a Multi slice (MS) CT system, a cone beam CT
system, or an ultrasound imaging system, and volume data
reconstructed from the tomographic image data. The medi-
cal image data are stored in the medical image data storage
server 40 in advance with subject identification information,
and the medical image data obtaining unit 11 reads out
medical image data corresponding to the subject identifica-
tion information inputted at the input device 30 from the
medical image data storage server 40.

The region extraction processing unit 12 performs region
extraction processing using a graph cut method on the
medical image data obtained by the medical image data
obtaining unit 11. The region extraction processing unit 12
extracts a left ventricular region of a heart in the medical
image data by performing the region extraction processing,
then based on an extraction result of the left ventricular
region, extracts at least one of a right ventricular region, a
left atrium region, and a right atrium region of the heart. In
the present embodiment, it is assumed that the right ven-
tricular region is extracted, then the left atrium region and
the right atrium region are extracted in this order, after
extracting the left ventricular region. A specific method for
extracting these regions will be described in detail later.

The display control unit 13 displays tomographic image
data obtained by the medical image data obtaining unit 11
and a voxel model or a surface model obtained by perform-
ing volume rendering or surface rendering on the volume
data on the display 20.

The display control unit 13 also receives an extraction
result of each region in the region extraction processing unit
12 and, based on the extraction result, displays an image
with each region being color coded. Present embodiment
displays the color coded image superimposed on the tomo-
graphic image, the voxel model, or the surface model.

The input device 30 receives a user input of given
information and is composed, for example, of a pointing
device, such as a keyboard, a mouse, or the like.

Next, an operation of the medical image diagnosis support
system that uses one embodiment of the present invention
will be described with reference to the flowchart shown in
FIG. 2.

First, subject identification information is inputted at the
input device 30 and the medical image data obtaining unit 11
of the medical image processing apparatus 10 reads out and
obtains medical image data corresponding to the inputted
subject identification information from the medical image
data storage server 40 (S10). It is assumed here that medical
image data captured by a CT system are read out and
obtained as the medical image data.
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The medical image data obtained by the medical image
data obtaining unit 11 are inputted to the region extraction
processing unit 12 and the region extraction processing unit
12 extracts a left ventricular region of a heart in the medical
image data first by performing region extraction processing
on the inputted medical image data (S12). FIG. 3 illustrates
an example of medical image data containing an image of a
heart obtained by the medical image data obtaining unit 11.
FIG. 4 illustrates a left ventricular region LV of the heart in
the medical image data shown in FIG. 3.

More specifically, a plurality of landmarks M is specified
and set-inputted by the user using the input device 30, as
illustrated in FIG. 5. Tt is preferable that, for the number of
landmarks M, at least three points are set-inputted, as shown
in FIG. 5. For the positions of the landmarks, the positions
of the mitral valve and aortic valve in the left ventricular
region of the heart and the position of the apex of the left
ventricular region are specified, and set-inputted. In the
present embodiment, the landmarks M are set-inputted by
the user, but not limited to this, and the positions of the
mitral valve, aortic valve, and apex of the left ventricular
region may be automatically extracted using pattern match-
ing.

Since the present embodiment uses landmarks also in
extracting a right ventricular region, a left atrium region, and
aright atrium region, as will be described later in detail, five
landmarks M shown in FIG. 6 will actually be set. As for the
additional two points, for example, the positions of the
tricuspid valve, cardiac base located adjacent to the entrance
of the aorta and the superior vena cava are automatically or
manually set.

Then, based on the position information of the landmarks
set-inputted by the user or automatically extracted, the
region extraction processing unit 12 sets an initial region of
the left ventricular region. The initial region of the left
ventricular region refers to a region of roughly extracted left
ventricular region. Various known methods may be used for
the method of extracting the initial region using the land-
marks M. The left ventricular region has a conical shape
which is a simpler shape in comparison with those of the
other regions of right ventricular region, left and right atrium
regions, and is capable of being extracted with high accu-
racy. As for the method of extracting the left ventricular
region, the method described in Y. Zheng et al., “Four-
Chamber Heart Modeling and Automatic Segmentation for
3D Cardiac CT Volumes Using Marginal Space Learning
and Steerable Features”, IEEE Transactions on Medical
Imaging, Vol. 27, No. 11, pp. 1-14, 2008 may be used.

Further, the initial region of the left ventricular region
may be set using atlas image data which include an image of
the heart. The atlas image data are, for example, those
generated by a doctor or the like using a general anatomical
chart and represents a typical heart shape.

More specifically, using landmarks in the atlas image data
automatically set or manually set-inputted and the land-
marks M shown in FIG. 6 set-inputted in the extraction
target medical image data, the region extraction processing
unit 12 performs a rough registration between these image
data. The landmarks in the atlas image data are set auto-
matically or manually as landmarks corresponding to the
landmarks M shown in FIG. 6.

Then, after the foregoing rough registration, the region
extraction processing unit 12 performs a non-rigid registra-
tion to obtain a corresponding relationship between the
pixels of the two sets of image data as a matching function.
Then, using the matching function, the region extraction
processing unit 12 obtains a region in the medical image data
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corresponding to the left ventricular region which is the
correct region in the atlas image data and sets the region as
an initial region of the left ventricular region.

Then, using pixels in the initial region of the left ven-
tricular region extracted in the manner described above and
pixels in an area surrounding the initial region as the
extraction processing target pixels, the region extraction
processing unit 12 generates a graphical model in the graph
cut method. Then, the region extraction processing unit 12
performs region extraction processing using the graph cut
method to extract the final left ventricular region. Herein-
after, the region extraction processing using the graph cut
method will be described.

More specifically, the region extraction processing unit 12
generates a graphical model composed of a node N
representing each of the processing target pixels described
above, nodes S, T representing labels which can be taken by
each pixel (left ventricular region and a region other than the
left ventricular region, here), an n-link which is a link
connecting the nodes of adjacent pixels, and a t-link which
is a link connecting the node N, representing each pixel to
the node S representing the left ventricular region or the
node T representing a region other than the left ventricular
region (refer to the left drawing in FIG. 7. Note that,
however, FIG. 7 shows the segmentation of two-dimen-
sional region for facilitating understanding).

Here, the n-link represents a likelihood that the adjacent
pixels are voxels in the same region and the likelihood may
be obtained, for example, based on the difference in pixel
value between the adjacent pixels. The t-link connecting the
node N, representing each pixel to the node T representing
a region other than the left ventricular region represents a
likelihood that the pixel is a pixel included in a surrounding
region other than the left ventricular region. The t-link
connecting the node N, representing each pixel to the node
S representing the left ventricular region represents a like-
lihood that the pixel is a pixel included in the left ventricular
region.

The n-link and the t-link described above may be
expressed as a cost function representing likelihood.

Then, as the left ventricular region, the present embodi-
ment separately extracts a contrast region and a myocardial
region constituting the left ventricular region.

Therefore, when extracting the contrast region, the t-link
connecting the node N, ; to the node T representing a region
other than the contrast region may be calculated, for
example, based on a judgment result as to whether or not the
pixel value is in the range of CT values in the surrounding
region of the contrast region statistically obtained in
advance. Further, the t-link connecting the node N, to the
node S representing the contrast region may be calculated,
for example, based on a judgment result as to whether or not
the pixel value is in the range of CT values in the contrast
region statistically obtained in advance.

Then, one of the two t-links connecting the node repre-
senting each pixel to the node S representing the contrast
region or the node T representing a region other than the
contrast region is cut off and an n-link connecting nodes of
adjacent pixels having different labels is cut off, whereby the
graphical model is segmented into the contrast region and a
region other than the contrast region (refer to the right
drawing in FIG. 7). Here, minimizing the sum of the costs
of all the t-links and n-links to be cut off allows an optimum
region segmentation. That is, when the cost function of the
t-link is taken as fv(Xv) and the cost function of the n-link
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is taken as fuv(Xu, Xv), the region segmentation is per-
formed such that the sum E(x) of the costs in the formula
given below is minimized.

EX) =Y S+ Y fal¥e X) [Formula 1]

eV eSS

When extracting the myocardial region, the t-link con-
necting the node N, to the node T representing a region
other than the myocardial region may be calculated, for
example, based on a judgment result as to whether or not the
pixel value is in the range of CT values in the surrounding
region of the myocardial region statistically obtained in
advance. Further, the t-link connecting the node N, to the
node S representing the myocardial region may be calcu-
lated, for example, based on a judgment result as to whether
or not the pixel value is in the range of CT values in the
myocardial region statistically obtained in advance.

Then, one of the two t-links connecting the node repre-
senting each pixel to the node S representing the myocardial
region or the node T representing a region other than the
myocardial region is cut off and an n-link connecting nodes
of adjacent pixels having different labels is cut off, whereby
the graphical model is segmented into the myocardial region
and a region other than the myocardial region. Here, mini-
mizing the sum of the costs of all the t-links and n-links to
be cut off, i.e., finding the optimum solution, allows an
appropriate region segmentation.

The region extraction processing unit 12 extracts the
contrast region and the myocardial region by the graph cut
method in the manner described above, thereby obtaining
the final left ventricular region LV that combines these
regions.

Next, the region extraction processing unit 12 extracts a
right ventricular region of the heart based on the foregoing
extraction result of the left ventricular region (S14).

First, the region extraction processing unit 12 sets an
initial region of the right ventricular region using the atlas
image data which include an image of the heart, as in the
extraction of the left ventricular region.

Next, using pixels in the initial region of the right ven-
tricular region extracted in the manner described above and
pixels in an area surrounding the initial region as the
extraction processing target pixels, the region extraction
processing unit 12 generates a graphical model in the graph
cut method. Then, the region extraction processing unit 12
performs region extraction processing using the graph cut
method to extract the final right ventricular region RV. Here,
the region extraction processing unit 12 performs the region
extraction processing using the extraction result of the left
ventricular region.

More specifically, the region extraction processing unit 12
sets the foregoing cost function fv(Xv) (corresponding to the
evaluation function) such that a relatively large cost is
allocated to a pixel extracted as the left ventricular region
LV, thereby preventing the pixel extracted as the left ven-
tricular region from being extracted as a pixel of the right
ventricular region. Note that the content of the region
extraction processing by the graph cut method is identical to
that of the region extraction processing for the left ventricu-
lar region described above other than the way of setting the
cost function fv(Xv) described above.

In the foregoing description, the cost function for a pixel
extracted as the left ventricular region is controlled, as the
method of using the extraction result of the left ventricular
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region, but the method is not limited to this and, for example,
a graphical mode may be generated by excluding the pixels
extracted as the left ventricular region when generating the
foregoing graphical model.

Next, the region extraction processing unit 12 extracts a
left atrium region of the heart based on the extraction results
of the left ventricular region and the right ventricular region
described above (S16).

The region extraction processing unit 12 sets an initial
region of the left atrium region using the atlas image data,
as in the extraction of the right ventricular region.

Next, using pixels in the initial region of the left atrium
region extracted in the manner described above and pixels in
an area surrounding the initial region as the extraction
processing target pixels, the region extraction processing
unit 12 generates a graphical model in the graph cut method.
Then, the region extraction processing unit 12 performs
region extraction processing using the graph cut method to
extract the final left atrium region. Here, the region extrac-
tion processing unit 12 performs the region extraction pro-
cessing using the extraction results of the left ventricular
region and the right ventricular region.

More specifically, the region extraction processing unit 12
sets the foregoing cost function fv(Xv) such that a relatively
large cost is allocated to the pixels extracted as the left
ventricular region and the right ventricular region, thereby
preventing pixels extracted as the left ventricular region and
the right ventricular region from being extracted as pixels of
the left atrium region. Note that the content of the region
extraction processing by the graph cut method is identical to
the foregoing region extraction processing other than the
way of setting the cost function fv(Xv) described above.

Also, in extracting the left atrium region, when generating
a graphical model, the graphical model may be generated by
excluding the pixels extracted as the left ventricular region
and the right ventricular region.

Next, the region extraction processing unit 12 extracts a
right atrium region of the heart based on the extraction
results of the left ventricular region, the right ventricular
region, and the left atrium region described above (S18).

The region extraction processing unit 12 sets an initial
region of the right atrium region using the atlas image data,
as in the extraction of the right ventricular region.

Next, using pixels in the initial region of the right atrium
region extracted in the manner described above and pixels in
an area surrounding the initial region as the extraction
processing target pixels, the region extraction processing
unit 12 generates a graphical model in the graph cut method.
Then, the region extraction processing unit 12 performs
region extraction processing using the graph cut method to
extract the final right atrium region. Here, the region extrac-
tion processing unit 12 performs the region extraction pro-
cessing using the extraction results of the left ventricular
region, the right ventricular region, and the left atrium
region.

More specifically, the region extraction processing unit 12
sets the foregoing cost function fv(Xv) such that a relatively
large cost is allocated to the pixels extracted as the left
ventricular region, the right ventricular region, and the left
atrium region, thereby preventing the pixels extracted as the
left ventricular region, the right ventricular region, and the
left atrium region from being extracted as pixels of the right
atrium region. Note that the content of the region extraction
processing by the graph cut method is identical to the
foregoing region extraction processing other than the way of
setting the cost function fv(Xv) described above.
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Also, in extracting the right atrium region, when gener-
ating a graphical model, the graphical model may be gen-
erated by excluding the pixels extracted as the left ventricu-
lar region, the right ventricular region, and the left atrium
region.

The region extraction processing unit 12 extracts the left
ventricular region, the right ventricular region, the left
atrium region, and the right atrium region in this order in the
manner described above. Then, region extraction processing
unit 12 outputs the extraction results to the display control
unit 13.

Based on the inputted extraction results, the display
control unit 13 generates an image with the respective
regions of the left ventricular region LV, the right ventricular
region RV, the left atrium region LA, and the right atrium
region RA being color-coded, as illustrated in FIG. 8, and
displays the generated color-coded image on the display 20
superimposed on the medical image.

According to the medical image diagnosis support system
1 of the foregoing embodiment, medical image data con-
taining an image of a heart is obtained, then the left
ventricular region of the heart is independently extracted,
and, based on the extraction result of the left ventricular
region, at least one of the right ventricular region, the left
atrium region, and the right atrium region is extracted. This
allows each region of the heart to be extracted with high
accuracy.

That is, the left ventricular region of a heart has a
relatively simple shape and is capable of being extracted
with high accuracy through independent extraction. Then,
using the extraction result of the left ventricular region as
reliable information, other regions are extracted, whereby
extraction accuracy of the other regions may be improved
and extraction errors may be reduced.

As described above, the present embodiment first extracts
the left ventricular region and then the right ventricular
region. The right ventricular region is a region that shares the
border with the left ventricular region to the largest extent.
Therefore, the use of the extraction result of the left ven-
tricular region may prevent over extraction to the side of the
left ventricular region or insufficient extraction of the right
ventricular region effectively.

The foregoing embodiment extracts, of the left atrium
region and the right atrium region, the left atrium region
first, after extracting the right ventricular region, but the
right atrium region may be extracted first. In this case, the
extraction results of the left ventricular region and the right
ventricular region may be used when extracting the right
atrium region, and the extraction results of the left ventricu-
lar region, the right ventricular region, and the right atrium
region may be used when extracting the left atrium region.

Further, the foregoing embodiment performs region
extraction processing by the graph cut method when extract-
ing the right ventricular region using the extraction result of
the left ventricular region, but the region extraction process-
ing is not limited to this. For example, region extraction
processing may be performed using the atlas image data
used when extracting the initial region in the foregoing
description to extract the final right ventricular region.

More specifically, a non-rigid registration is performed
between the atlas image data and extraction target medical
image data to obtain a corresponding relationship between
the pixels of the two sets of image data as a matching
function, as illustrated in FIG. 9. This time, the pixels
extracted as the left ventricular region are excluded from the
target pixels for obtaining the matching function.
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Then, a region in the medical image data corresponding to
the right ventricular region RV, which is the correct region
in the atlas image data, is obtained using the matching
function obtained in the manner described above, and the
obtained region is extracted as the final right ventricular
region RV.

Further, region extraction processing using the atlas
image data may also be performed when extracting the left
atrium region and the right atrium region in the same manner
as described above. In this case. the pixels extracted as the
left ventricular region and the right ventricular region may
be excluded from the target pixels for obtaining the match-
ing function when extracting the left atrium region and the
pixels extracted as the left ventricular region, the right
ventricular region, and the left atrium region may be
excluded from the target pixels for obtaining the matching
function when extracting the right atrium region.

When extracting the right ventricular region using the
extraction result of the left ventricular region, region extrac-
tion processing using an active contour model may be
performed other than the region extraction processing using
the atlas image data described above. The region extraction
processing using an active contour model defines an evalu-
ation function and finds an optimal solution by calculating
the evaluation function while changing the position of a
contour point of the extraction target region. The region
extraction processing using an active model is a known
method and, for example, the method described in M. Etoh,
“Survey of Snakes, Active Contour Models”, Medical Imag-
ing Technology, Vol. 12, No. 1, pp. 9-15, 1994 and the
method described in M. Kass et al., “Snakes: Active Contour
Models”, International Journal of Computer Vision, Vol. 1,
pp- 321-331, 1988 may be used. The evaluation function is
defined by three terms with respect to v(s)=(x(s), y(s)), as
shown in a formula given below:

E=E (VD E iage (V)E con(V(S))-

Note that, “Eint” is a term representing internal energy
and controls the smoothness of the contour. The “Eimage” is
a term representing image energy and controls the position
of the contour to a position having a large luminance change.
The “Econ” is a term representing external energy and in a
case, for example, where a portion of the contour is desired
to be fixed by the specification from outside, a term (v(s)-
p)? of difference between the point on the contour v(s) and
the specified point p may be added.

Then, when performing region extraction processing of
the right ventricular region using the extraction result of the
left ventricular region, a penalty term that lowers the evalu-
ation value when a contour point enters into the left ven-
tricular region may be provided, as the Econ representing
external energy. This may suppress extraction errors.

Further, region extraction processing using the active
contour model may also be performed when extracting the
left atrium region and the right atrium region in the same
manner as described above. In this case, a penalty term that
lowers the evaluation value when a contour point enters into
the left ventricular region or the right ventricular region may
be provided, as the Econ representing external energy, when
extracting the left atrium region, and a penalty term that
lowers the evaluation value when a contour point enters into
the left ventricular region, the right ventricular region, or the
left atrium region may be provided, as the Econ representing
external energy, when extracting the right atrium region.

The foregoing embodiment may be configured such that
a plurality of medical image data in different phases of one
cardiac cycle of a beating heart is obtained by the medical

[Formula 2]
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image data obtaining unit 11, and left and right ventricular
regions and left and right atrium regions are extracted from
the plurality of medical image data.

In that case, medical image data of one medical image in
diastole is selected first from the plurality of medical image
data in different phases., as illustrated in FIG. 10. More
specifically, image data in end-diastolic phase is preferably
selected. The medical image data in end-diastolic phase can
be said to be medical image data more suitable for region
extraction in that the movement is small and the shape is
stable. But, not limited to the medical image data in end-
diastolic phase, and medical image data in the other phase of
diastole may be used.

Then, the left ventricular region LV is extracted first by
the same method as described above based on the selected
medical image data in end-diastolic phase. Next, the right
ventricular region RV, the left atrium region LA, and right
atrium region RA in the medical image in end-diastolic
phase are extracted by the same method as described above
using the extraction result of the left ventricular region LV.

Next, based on the extraction result of the medical image
data in end-diastolic phase, left and right ventricular regions
LV, RV, and left and right atrium regions LA, RA of medial
image data in a phase other than that of the medical image
data of one medical image are extracted.

More specifically, a non-rigid registration is performed
between the medical image data in the end-diastole and
medical image data in a phase other than that phase to obtain
a corresponding relationship between the pixels of the two
sets of image data as a matching function.

Then, regions in the medical image data in a phase other
than that of the medical image data of one medical image
corresponding to the left and right ventricular regions LV,
RV and the left and right atrium regions in the medical image
data of one medical image are obtained using the matching
function obtained in the manner described above, and the
obtained regions are extracted as the left and right ventricu-
lar regions LV, RV and the left and right atrium regions LA,
RA.

Note that the method of extracting the left and right
ventricular regions LV, RV and the left and right atrium
regions LA, RA of the image data in a phase other than that
of the medical image data in end-diastolic phase is not
limited to the foregoing method, and, for example, the
extraction results of the left and right ventricular regions LV,
RV and the left and right atrium regions LA, RA of the
medical image data in end-diastolic phase may be set as
initial regions of the left and right ventricular regions LV, RV
and the left and right atrium regions LA, RA of the medical
image data in a phase other than that phase, and, thereafter,
the final left and right ventricular regions LV, RV and the
final left and right atrium regions LA, RA may be extracted
using the graph cut method described above.

As described above, using the extraction results of the left
and right ventricular regions LV, RV, and the left and right
atrium regions LA, RA in the medical image data of one
medical image in diastole, performing region extraction of
medical image data in a phase other than that of the medical
image data of one medical image allows region extraction of
medical image data in other phases to be performed by
simpler processing.

The present embodiment described above may be config-
ured, for example, such that, if a region has not been
extracted or the position of an extracted region is displaced
largely as the result of the region extraction processing of the
left and right ventricular regions LV, RV, and the left and
right atrium regions LA, RA, a message is displayed and the
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region extraction processing unit 12 receives a manual
correction of the positions of landmarks set when the initial
region was obtained, extracts an initial region again based on
the corrected positions of the landmarks, and performs the
foregoing region extraction processing again. A method for
receiving the manual correction of the positions of the
landmarks may be, for example, displaying a correction
receive screen, in which the medical image data prior to the
region extraction processing are redisplayed, on the display
20 to allow the user to set-input using the input device 30.

If there is an anomaly in the extraction result of the left
ventricular region, the region extraction processing unit 12
may receive a manual correction of a contour point of the
left ventricular region and may extract the right ventricular
region, the left atrium region, and the right atrium region
using the corrected left ventricular region. The manual
correction of the contour point of the left ventricular region
may be performed through set-input by the user using the
input device 30.

If there is an anomaly in the region extraction result in the
medical image data in end-diastolic phase, the region extrac-
tion processing unit 12 may receive a manual correction of
a contour point of each region in the medical image data in
end-diastolic phase and may extract the right ventricular
region, the left atrium region, and the right atrium region in
the medical image data in a phase other than that of the
medical image data of one medical image using each cor-
rected region. The manual correction of the contour point of
each region may be performed through set-input by the user
using the input device 30.

Allowing a manual correction in the manner described
above may reduce the time for correction.

What is claimed is:

1. A medical image processing apparatus, comprising:

a storage device, including a medical image data obtain-
ing unit and a region extraction processing unit; and

a hardware processor, coupled to the storage device;

wherein the hardware processor activates the medical
image data obtaining unit for obtaining medical image
data containing an image of a heart; and

the hardware processor activates the region extraction
processing unit for initially only extracting a left ven-
tricular region that combined a contrast region and a
myocardial region surrounding the contrast region of
the left ventricular region of the heart among the left
ventricular region, a right ventricular region, a left
atrium, and a right atrium region of the heart contained
in the medical image data based on the medical image
data obtained by the medical image data obtaining unit
by using a graph cut method, wherein processing target
pixels that combined an initial region of the left ven-
tricular region and an area surrounding the initial
region are determined by using a plurality of land-
marks,

wherein after the left ventricular region of the heart had
been extracted and before the right ventricular region is
initially extracted, the region extraction processing unit
sets an evaluation function that assigns higher costs
with respect to pixels within the left ventricular region
of the heart, and performs a region extraction process
to extract at least one of the right ventricular region, the
left atrium region, and the right atrium region of the
heart by the graph cut method, wherein

the medical image data obtaining unit obtains a plurality
of medical image data in different phases of one cardiac
cycle of the heart which is beating,
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the region extraction processing unit extracts a left ven-
tricular region in medical image data of one medical
image in diastole of the plurality of medical image data,
then extracts, based on the extraction result of the left
ventricular region, at least one of a right ventricular
region, a left atrium region, and a right atrium region in
the medical image data of one medical image in dias-
tole, and extracts, based on the extraction result of the
medical image data of one medical image in diastole, at
least one of a right ventricular region, a left atrium
region, and a right atrium region in medical image data
in a phase other than that of the medical image data of
one medical image in diastole, and

the region extraction processing unit extracts a left ven-

tricular region in medical image data of one medical
image in end-diastole of the plurality of medical image
data, then extracts, based on the extraction result of the
left ventricular region, at least one of the right ven-
tricular region, the left atrium region, and the right
atrium region in the medical image data of one medical
image in end-diastole, and extracts, based on the
extraction result of the medical image data of one
medical image in end-diastole, at least one of the right
ventricular region, the left atrium region, and the right
atrium region in medical image data in the phase other
than that of the medical image data of one medical
image in end-diastole.

2. The medical image processing apparatus of claim 1,
wherein the region extraction processing unit limits pixels of
the medical image data for a target of the region extraction
processing based on the extraction result of the left ven-
tricular region.

3. The medical image processing apparatus of claim 1,
wherein the region extraction processing unit sets an evalu-
ation function based on the extraction result of the left
ventricular region and performs the region extraction pro-
cessing by finding an optimal solution of the evaluation
fanction.

4. The medical image processing apparatus of claim 1,
wherein the region extraction processing unit extracts the
right ventricular region based on the extraction result of the
left ventricular region, and then extracts the right atrium
region or the left atrium region.

5. The medical image processing apparatus of claim 1,
wherein, if there is an anomaly in the extraction result of
each region in the medical image data of one medical image
in diastole, the region extraction processing unit receives a
manual correction of a contour point of the region having the
anomaly and performs the region extraction processing
again for the medical image data in a phase other than that
of the medical image data of one medical image in diastole
based on the corrected contour point.

6. The medical image processing apparatus of claim 1,
wherein the region extraction processing unit detects the
landmarks in the medical image data and extracts the left
ventricular region based on a detection result of the land-
marks detected.

7. The medical image processing apparatus of claim 6,
wherein, if the left ventricular region or the at least one
region has not been extracted based on the extraction result
of the plurality of landmarks, or if there is an anomaly in the
left ventricular region or the at least one region extracted, the
region extraction processing unit receives a manual correc-
tion of the landmarks and performs the region extraction
processing again based on the corrected landmarks.

8. The medical image processing apparatus of claim 1,
wherein, if the extracted left ventricular region is abnormal,



US 10,019,804 B2

15

the region extraction processing unit receives a manual
correction of a contour point of the left ventricular region
and performs the region extraction processing again for the
left ventricular region based on the corrected contour point.

9. The medical image processing apparatus of claim 1,
wherein the medical image data are three-dimensional image
data.

10. A medical image processing method, comprising the
steps of:

obtaining, by a hardware processor, medical image data

containing an image of a heart;
initial only extracting, by the hardware processor, a left
ventricular region that combined a contrast region and
a myocardial region surrounding the contrast region of
the left ventricular region of the heart among the left
ventricular region, a right ventricular region, a left
atrium, and a right atrium region of the heart contained
in the medical image data based on the obtained
medical image data by using a graph cut method,
wherein processing target pixels that combined an
initial region of the left ventricular region and an area
surrounding the initial region are determined by using
a plurality of landmarks,

wherein after the left ventricular region of the heart had
been extracted and before the right ventricular region is
initially extracted, setting an evaluation function that
assigns higher costs with respect to pixels within the
left ventricular region of the heart and performing a
region extraction process to extract at least one of a
right ventricular region, a left atrium region, and a right
atrium region by the graph cut method,;

obtaining a plurality of medical image data in different

phases of one cardiac cycle of the heart which is
beating;

extracting a left ventricular region in medical image data

of one medical image in diastole of the plurality of
medical image data, then extracting, based on the
extraction result of the left ventricular region, at least
one of a right ventricular region, a left atrium region,
and a right atrium region in the medical image data of
one medical image in diastole, and extracting, based on
the extraction result of the medical image data of one
medical image in diastole, at least one of a right
ventricular region, a left atrium region, and a right
atrium region in medical image data in a phase other
than that of the medical image data of one medical
image in diastole; and

extracting a left ventricular region in medical image data

of one medical image in end-diastole of the plurality of
medical image data, then extracting, based on the
extraction result of the left ventricular region, at least
one of the right ventricular region, the lefi atrium
region, and the right atrium region in the medical image
data of one medical image in end-diastole, and extract-
ing, based on the extraction result of the medical image
data of one medical image in end-diastole, at least one
of the right ventricular region, the left atrium region,
and the right atrium region in medical image data in the
phase other than that of the medical image data of one
medical image in end-diastole.

11. A non-transitory computer-readable recording
medium containing a medical image processing program for
causing a computer to function as:

amedical image data obtaining unit for obtaining medical

image data containing an image of a heart; and

a region extraction processing unit for initially only

extracting a left ventricular region that combined a
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contrast region and a myocardial region surrounding
the contrast region of the left ventricular region of the
heart among the left ventricular region, a right ven-
tricular region, a left atrium, and a right atrium region
of the heart contained in the medical image data based
on the medical image data obtained by the medical
image data obtaining unit by using a graph cut method,
wherein processing target pixels that combined an
initial region of the left ventricular region and an area
surrounding the initial region are determined by using
a plurality of landmarks,

wherein after the left ventricular region of the heart had
been extracted and before the right ventricular region is
initially extracted, the region extraction processing unit
sets an evaluation function that assigns higher costs
with respect to pixels within the left ventricular region
of the heart and performs a region extraction process
for extracting at least one of a right ventricular region,
a left atrium region, and a right atrium region of the
heart by the graph cut method, wherein

the medical image data obtaining unit obtains a plurality
of medical image data in different phases of one cardiac
cycle of the heart which is beating;

the region extraction processing unit extracts a left ven-
tricular region in medical image data of one medical
image in diastole of the plurality of medical image data,
then extracts, based on the extraction result of the left
ventricular region, at least one of a right ventricular
region, a left atrium region, and a right atrium region in
the medical image data of one medical image in dias-
tole, and extracts, based on the extraction result of the
medical image data of one medical image in diastole, at
least one of a right ventricular region, a left atrium
region, and a right atrium region in medical image data
in a phase other than that of the medical image data of
one medical image in diastole; and

the region extraction processing unit extracts a left ven-
tricular region in medical image data of one medical
image in end-diastole of the plurality of medical image
data, then extracts, based on the extraction result of the
left ventricular region, at least one of the right ven-
tricular region, the left atrium region, and the right
atrium region in the medical image data of one medical
image in end-diastole, and extracts, based on the
extraction result of the medical image data of one
medical image in end-diastole, at least one of the right
ventricular region, the left atrium region, and the right
atrium region in medical image data in the phase other
than that of the medical image data of one medical
image in end-diastole.

12. A medical image processing apparatus, comprising:

a storage device, including a medical image data obtain-
ing unit and a region extraction processing unit; and

a hardware processor, coupled to the storage device;

wherein the hardware processor activates the medical
image data obtaining unit for obtaining medical image
data containing an image of a heart; and

the hardware processor activates the region extraction
processing unit for extracting a left ventricular region
that combined a contrast region and a myocardial
region surrounding the contrast region of the left ven-
tricular region of the heart among the left ventricular
region, a right ventricular region, a left atrium region,
and a right atrium region of the heart contained in the
medical image data based on the medical image data
obtained by the medical image data obtaining unit by
using a graph cut method, wherein processing target
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pixels that combined an initial region of the left ven-
tricular region and an area surrounding the initial
region are determined by using a plurality of land-
marks,

wherein after the left ventricular region of the heart had
been extracted and before the right ventricular region is
initially extracted, pixels which have been extracted as
the left ventricular region of the heart are excluded to
generate a graphical model which uses the graph cut
method, and the region extraction processing unit per-
forms a region extraction process to extract at least one
of the right ventricular region, the left atrium region,
and the right atrium region of the heart by the graph cut
method used by the graphical model, wherein

the medical image data obtaining unit obtains a plurality
of medical image data in different phases of one cardiac
cycle of the heart which is beating,

the region extraction processing unit extracts a left ven-
tricular region in medical image data of one medical
image in diastole of the plurality of medical image data,
then extracts, based on the extraction result of the left
ventricular region, at least one of a right ventricular
region, a left atrium region, and a right atrium region in
the medical image data of one medical image in dias-
tole, and extracts, based on the extraction result of the
medical image data of one medical image in diastole, at
least one of a right ventricular region, a left atrium
region, and a right atrium region in medical image data
in a phase other than that of the medical image data of
one medical image in diastole, and

the region extraction processing unit extracts a left ven-
tricular region in medical image data of one medical
image in end-diastole of the plurality of medical image
data, then extracts, based on the extraction result of the
left ventricular region, at least one of the right ven-
tricular region, the left atrium region, and the right
atrium region in the medical image data of one medical
image in end-diastole, and extracts, based on the
extraction result of the medical image data of one
medical image in end-diastole, at least one of the right
ventricular region, the left atrium region, and the right
atrium region in medical image data in the phase other
than that of the medical image data of one medical
image in end-diastole.

13. A medical image processing method, comprising the

steps of:

obtaining medical image data containing an image of a
heart;

extracting a left ventricular region that combined a con-
trast region and a myocardial region surrounding the
contrast region of the left ventricular region of the heart
among the left ventricular region, a right ventricular
region, a left atrium region, and a right atrium region of
the heart contained in the medical image data based on
the obtained image data by using a graph cut method,
wherein processing target pixels that combined an
initial region of the left ventricular region and an area
surrounding the initial region are determined by using
a plurality of landmarks, wherein after the left ven-
tricular region of the heart had been extracted and
before the right ventricular region is initially extracted,
pixels which have been extracted as the left ventricular
region of the heart are excluded to generate a graphical
model which uses the graph cut method, and the region
extraction processing unit performs a region extraction
process to extract at least one of the right ventricular
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region, the left atrium region, and the right atrium
region of the heart by the graph cut method used by the
graphical model;

obtaining a plurality of medical image data in different
phases of one cardiac cycle of the heart which is
beating;

extracting a left ventricular region in medical image data
of one medical image in diastole of the plurality of
medical image data, then extracting, based on the
extraction result of the left ventricular region, at least
one of a right ventricular region, a left atrium region,
and a right atrium region in the medical image data of
one medical image in diastole, and extracting, based on
the extraction result of the medical image data of one
medical image in diastole, at least one of a right
ventricular region, a left atrium region, and a right
atrium region in medical image data in a phase other
than that of the medical image data of one medical
image in diastole; and

extracting a left ventricular region in medical image data
of one medical image in end-diastole of the plurality of
medical image data, then extracting, based on the
extraction result of the left ventricular region, at least
one of the right ventricular region, the left atrium
region, and the right atrium region in the medical image
data of one medical image in end-diastole, and extract-
ing, based on the extraction result of the medical image
data of one medical image in end-diastole, at least one
of the right ventricular region, the left atrium region,
and the right atrium region in medical image data in the
phase other than that of the medical image data of one
medical image in end-diastole.

14. A non-transitory computer-readable recording

medium containing a medical image processing program for
causing a computer to function as:

a medical image data obtaining unit for obtaining medical
image data containing an image of a heart; and

a region extraction processing unit for extracting a left
ventricular region that combined a contrast region and
a myocardial region surrounding the contrast region of
the left ventricular region of the heart among the left
ventricular region, a right ventricular region, a left
atrium region, and a right atrium region of the heart
contained in the medical image data based on the
medical image data obtained by the medical image data
obtaining unit by using a graph cut method, wherein
processing target pixels that combined an initial region
of the left ventricular region and an area surrounding
the initial region are determined by using a plurality of
landmarks,

wherein after the left ventricular region of the heart had

been extracted and before the right ventricular region is
initially extracted, pixels which have been extracted as
the left ventricular region of the heart are excluded to
generate a graphical model which uses the graph cut
method, and the region extraction processing unit per-
forms a region extraction process to extract at least one
of the right ventricular region, the left atrium region,
and the right atrium region of the heart by the graph cut
method used by the graphical model, wherein

the medical image data obtaining unit obtains a plurality

of medical image data in different phases of one cardiac
cycle of the heart which is beating,

the region extraction processing unit extracts a left ven-

tricular region in medical image data of one medical
image in diastole of the plurality of medical image data,
then extracts, based on the extraction result of the left
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ventricular region, at least one of a right ventricular
region, a left atrium region, and a right atrium region in
the medical image data of one medical image in dias-
tole, and extracts, based on the extraction result of the
medical image data of one medical image in diastole, at
least one of a right ventricular region, a left atrium
region, and a right atrium region in medical image data
in a phase other than that of the medical image data of
one medical image in diastole, and

the region extraction processing unit extracts a left ven-

tricular region in medical image data of one medical
image in end-diastole of the plurality of medical image
data, then extracts, based on the extraction result of the
left ventricular region, at least one of the right ven-
tricular region, the left atrium region, and the right
atrium region in the medical image data of one medical
image in end-diastole, and extracts, based on the
extraction result of the medical image data of one
medical image in end-diastole, at least one of the right
ventricular region, the left atrium region, and the right
atrium region in medical image data in the phase other
than that of the medical image data of one medical
image in end-diastole.

15. The medical image processing apparatus of claim 1,
wherein the region extraction processing unit sets the plu-
rality of landmarks, and automatically extracts positions of
the landmarks by using a pattern matching; based on posi-
tion information of the landmarks, the region extraction
processing unit sets an initial region of the left ventricular
region; the region extraction processing unit uses the graph
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cut method of extract a final left ventricular region by using
pixels in the initial region and pixels in an area surrounding
the initial region.

16. The medical image processing apparatus of claim 12,
wherein the region extraction processing unit sets the plu-
rality of landmarks, and automatically extracts positions of
the landmarks by using a pattern matching; based on posi-
tion information of the landmarks, the region extraction
processing unit sets an initial region of the left ventricular
region; the region extraction processing unit uses the graph
cut method of extract a final left ventricular region by using
pixels in the initial region and pixels in an area surrounding
the initial region.

17. The medical image processing apparatus of claim 1,
wherein a graphical model utilized by the graph cut method
is generated by linking each of the processing target pixels
with a first link or a second link, wherein the first link
represents that the processing target pixel is associated to the
left ventricular region, and the second link represents that
the processing target pixel is associated a region other than
the left ventricular region.

18. The medical image processing apparatus of claim 12,
wherein the graphical model is generated by linking each of
the processing target pixels with a first link or a second link,
wherein the first link represents that the processing target
pixel is associated to the left ventricular region, and the
second link represents that the processing target pixel is
associated a region other than the left ventricular region.
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