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(57) ABSTRACT

A method for automatically identifying and localizing ana-
tomical regions of a left ventricle of a heart using a segment
model, the method including receiving a volumetric MR
image series of one or more time-points in a heart cycle with
associated myocardial boundaries, representing the heart,
performing a long-axis partitioning on each image of the
volumetric image series, performing a short-axis partition-
ing volumetric image series, generating a polar map,
wherein each image of the volumetric image series is
mapped to a location on the polar map, wherein the location
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is characterized using the long-axis partitioning and the
short-axis partitioning, and generating a mapping from the
polar map to a voxel in an associated image of the volu-
metric image series representing an anatomical location.
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1
AUTOMATIC VISUALIZATION OF
REGIONAL FUNCTIONAL PARAMETERS
OF LEFT VENTRICLE FROM CARDIAC
IMAGING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 14/536,616 filed Nov. 8, 2014, which claims
the benefit of U.S. Provisional Patent Application No.
62/065,636 filed on Oct. 18, 2014, the complete disclosures
of which are herein expressly incorporated by reference in
its entirety for all purposes.

BACKGROUND

The present disclosure relates to methods for imaging,
and more particularly to a method for generating a polar map
to visualize regional functional parameters extracted from
cardiac imaging data.

Assessment of left ventricular abnormalities in magnetic
resonance images is widely accepted as a predictor of
cardiac disease, a leading cause of death worldwide. The
quantitative assessment of the left ventricle (LV) includes
global and regional measurements.

In most computer-aided diagnosis systems of cardiac
magnetic resonance imaging (MRI), the global functional
parameters are commonly available, such as ejection frac-
tion, LV mass, stroke volume, end-diastolic volume and
end-systolic volume.

The LV regional assessment typically relies on the visual
inspection, analysis and interpretation of cine images of the
left ventricle in multiple planes and the interpretation of LV
regional functions. Studies have shown that this method may
be inaccurate, time consuming and suffer from high inter-
observer variability.

BRIEF SUMMARY

According to an exemplary embodiment of the present
invention, a method for automatically identifying and local-
izing anatomical regions of a left ventricle of a heart using
a segment model, the method including receiving a volu-
metric image series of one or more time-points in a heart
cycle with associated myocardial boundaries, representing
the heart, performing a long-axis partitioning on each image
of the volumetric image series, performing a short-axis
partitioning on each image of the volumetric image series,
generating a polar map, wherein each image of the volu-
metric image series is mapped to a location on the polar map,
wherein the location is characterized using the long-axis
partitioning and the short-axis partitioning, and generating a
mapping from the polar map to a voxel in an associated
image of the volumetric image series representing an ana-
tomical location.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

Preferred embodiments of the present invention will be
described below in more detail, with reference to the accom-
panying drawings:

FIG. 1 is a polar map according to an exemplary embodi-
ment of the present invention;

FIG. 2 shows a basal segmentation according to an
exemplary embodiment of the present invention;
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2

FIG. 3 shows a mid-cavity segmentation according to an
exemplary embodiment of the present invention;

FIG. 4 shows an apical segmentation according to an
exemplary embodiment of the present invention;

FIG. 5 shows region layers in a long axis plane according
to an exemplary embodiment of the present invention;

FIG. 6 is a flowchart of a method according to an
exemplary embodiment of the present invention;

FIGS. 7-10 illustrate of a method of generating a bound-
ary of each segment according to an exemplary embodiment
of the present invention;

FIG. 11 is a polar map according to an exemplary embodi-
ment of the present invention; and

FIG. 12 is a diagram of a computer system configured for
feedback collection and analysis according to an exemplary
embodiment of the present invention.

DETAILED DESCRIPTION

According to an exemplary embodiment of the present
invention, functional parameters of a heart are visualized in
cardiac MRI using a 2-dimensional (2D) polar map (see
FIG. 1). Cardiac magnetic resonance (MR) images are
3D+cine images, which enable the assessment of a beating
heart. According to an exemplary embodiment of the present
invention, a 1-to-1 linkage is built from volumetric cardiac
MR images series of one or more time-points in the heart
cycle to a 2D color-coded polar map. Various functional
parameters can be represented in the polar map, such as the
LV wall motion and thickness.

The LV regional assessment typically relies on the visual
inspection, analysis and interpretation of cine images of the
left ventricle in multiple planes and the interpretation of LV
regional functions. For example, LV wall (myocardium)
motion is an important regional assessment in evaluating the
LV. The diagnosis of abnormal LV wall motion is generally
based on the reading of cardiac magnetic resonance (MR)
cine images. In clinical practice, heart wall motion is scored
by following a standard issued by American Heart Associa-
tion (AHA), where 17 myocardial segments are graded from
cine-MR images in the short-axis plane—cardiac slices from
the base (top) (FIG. 2) to the apex (bottom) (FIG. 4). A
mapping of a 17 segment model to a polar map is shown in
FIG. 2 through FIG. 4. FIG. 5 shows region layers of FIG.
2 through FIG. 4 in the long-axis plane.

According to an exemplary embodiment of the present
invention, an automated segment extraction and visualiza-
tion system generates a polar map to visually evaluate
measurements within specific anatomical regions. Extracted
segments can be used in further automated analysis and
diagnosis, such as hypertrophy (LV wall thickening) detec-
tion or infarct transmurality (level of LV tissue damage due
to a heart attack). Extracted segments can be automatically
correlated across different imaging modalities as well as
different image series over time.

According to an exemplary embodiment of the present
invention, the automated segment extraction and visualiza-
tion system includes a framework that automatically iden-
tifies and localizes a plurality of anatomical regions of the
left ventricle. Any functional measurements, such as motion,
thickness, etc., performed on these regions can be used to
automatically generate a polar map in which the measure-
ments can be represented by color range, shading, different
patterns, etc. In the polar map, anatomical location is
directly related to the specific segment in the model. The
polar map is used to visualize the regional functional param-
eters. The polar map has a 1-to-1 linkage to the correspond-
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ing location within the heart. The polar map automatically
directs a user to tissue or its functional parameters from a
corresponding location on the polar map.

In one or more embodiments of the present invention, a
method for automatically generating a polar map of the LV
in a segment model (see FIG. 6) includes long-axis parti-
tioning 602, short-axis partitioning 603, and polar map
generation 604. The method is applied on all 2D MR slices
of a certain time phase in a cine cardiac MRI series, such as
end-diastole. The method takes input 601 including a volu-
metric MR image series 605 with the associated myocardial
boundaries 606. The method outputs a segment mask 607 for
all tissue in the LV, a polar map 611 to represent the regional
functional parameters extracted from the LV 610, and a
mapping from the polar map to the anatomical location in
the cardiac MRI series 612. FIG. 6 is the flowchart of an
exemplary framework.

At block 601, the input includes a volumetric MR image
series 605. The volumetric MR image series includes 2D
MR slices in the short-axis plane. The slices are from the
same cardiac phase. The input 601 further includes the
corresponding inner and outer LV wall boundaries 606.

At block 602, long-axis partitioning includes labeling
each slice according to its location from the base (top) to the
apex (bottom) of the heart. These locations can include
basal, mid-cavity, apical and apex.

At block 613, mid-cavity layer identification is per-
formed. The mid-cavity is selected from the region that
includes the entire length of the papillary muscles (PMs) at
end-diastole (ED). The PMs are used as anatomic landmarks
to select mid-cavity slices. This involves identifying candi-
date regions of PMs by subtracting endocardium (inner LV
wall) from blood pool masks, using, for example a Ostu
thresholding or other image thresholding method. The can-
didate regions are examined for size. If the regions are
determined to be larger than a threshold, e.g., via morpho-
logical processing, than they are considered as PMs. Any
slices that were found to have PMs are selected as belonging
to the mid-cavity.

At block 614, apex layer identification is performed. A
feature of the apex is an area of the myocardium beyond the
end of the left ventricular cavity where this is no blood pool.
On a typical MR slice, blood pools appear as a relatively
bright area and myocardium and surrounding structures
appear as a relatively dark area. Based on these features, the
apex can be localized by detecting if a blood pool exists. The
blood pool is the area inside the inner [V wall boundary,
which is available from the input 601. If the slice does not
have inner wall the blood pool does not exist.

At block 615, basal and apical layer identification is
performed. Basal and apical slices are determined by detect-
ing the orientation of the long axis of the LV based on the
endocardium size in image slices either side of the mid-
cavity layer. The image slices on both sides of the mid-cavity
are grouped separately and the average endocardium size is
calculated for each group. The larger average size group is
identified as the basal layer, whereas the smaller average size
group is identified as the apical layer.

At block 603, short-axis partitioning is performed. Fol-
lowing block 602, slices are labeled with a layer and the
slices within the layer are sequential. Each slice is parti-
tioned into regions to identify a circumferential location.
Short-axis partitioning includes septum extraction 616, cor-
rection of segments for apical slices 617 and labeling of
segments 618.

In the AHA 17 segment model the basal and mid-cavity
slices are divided into 6 segments of approximately 60
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degrees taking into consideration all of the septum land-
marks, whereas the apical slices have 4 segments and the
17th segment is the apex. The AHA 17 segment model
specifies that the upper and lower junction between the right
ventricular wall and the inter-ventricular septum of the basal
(and mid-cavity) slices at the end-diastolic phase can be
used to identify different segments. For each image, there are
four sub-steps to locate the anterior and inferior ends of the
inter-ventricular septum. FIG. 7 through FIG. 10 illustrate
the process.

FIG. 7 shows the generation of a cylinder 701-702 for
each slice in basal, mid-cavity and apical layers. The center
of the inner circle 701 is the centroid of the endocardium
(LV inner wall). The inner circle radius r; is the mean radial
length of the LV inner boundary from its centroid. The outer
circle 702 radius r,=r, +e millimeters, where e is a parameter
to the system that ensures that the region of interest (ROI)
completely encapsulates the myocardium even if it is abnor-
mally thick. A clinically normal LV thickness is 12 mm or
less, and therefore e should be greater than 12. The cylinder
ROI includes three types of pixels representing the right
ventricle (RV) blood pool, the myocardium and the lung.

FIG. 8 shows a polar transformation applied to the ROI to
form a rectangular image 801. Transforming the image into
a polar coordinate system eases calculation and visualiza-
tion. In one or more embodiments, the RV area is split into
two parts after transformation. Therefore, the rectangular
image is duplicated and joined by the same image to avoid
this issue. The RV blood pool and myocardium occupy the
major part of the ROI region; hence, the intensity distribu-
tion can be classified. The ROI is binarized using Otsu
thresholding (802). The largest region is then selected as the
RV blood pool (803). Its edges are identified to locate the
two ends of the septum.

FIG. 9 shows the septal region mapped back to the
original image. Two lines are generated, A and C, represent-
ing the anterior and inferior ends of the inter-ventricular
septum respectively as determined by the edges identified in
803.

At block 617, the septal extraction operates under the
assumption that the RV blood pool is the largest bright
region in the cylinder ROI. In some of the slices of the apical
layer, the blood pool becomes small or does not exist at all
as the slice is below the right ventricle and there is no actual
blood pool. This can lead to variation among the resulting
segments of apical slices with the initial septal extraction. To
deal with this problem, additional measures are used. The
slices in the mid-cavity layer have a relatively bigger right
ventricle blood pool compared to other slices. The septum
extracted from those slices is considered to be more reliable
than from other slices. A check is performed as to whether
the septum extracted in the basal and apical layers is
consistent with the mid-cavity layer by measuring the shift
in detected septal regions between adjacent slices. If the shift
is above a threshold, the septal boundary found in the
previous slice is used as a reference point to the one in the
current slice.

Starting with the first slice in the apical layer adjacent to
the mid-cavity, the distance of each of the extracted lines
(A, and C_ ) in the current slice from their respective
location in the previous slice (A,,, and C,) is determined.
The assumption is that the distance should be small enough
such that the septums extracted in the two slices are con-
sistent. If the distance is bigger than the slice thickness, it
suggests that the septum is not extracted properly in that
slice. The lines A_,,,, and C_,,, need to be recalculated. Let

A A be the start and end point of the line A,

inner,currd * *outer,curr
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respectively. In order to find the updated line A, A, ... is
set to be point on the LV inner boundary that is closest to
A,per pre 10 the previous slice. A .. ... is the point on the
LV outer boundary that is closest t A,,,., .- The same
process is applied to update C_,,, using C,,,, on the previous
slice and the entire routine is repeated for each slice in the
apical layer.

At block 618, segment labeling is performed. Given the
upper and lower LV/RV junction points determined in the
aforementioned steps, segments 2 and 3 (FIGS. 2) and 8 and
9 (FIG. 3) are found by dividing evenly the region between
the two junction points along the circumference of the ROI
(line B in FIG. 10), and the other four segments (1, 4, 5, 6
in FIGS. 2 and 7, 10, 11, 12 in FIG. 3) are extracted by
finding the opposite lines (180° along the circumference of
the ROI) corresponding to the first three segment lines in the
septal region (lines D, E and F in FIG. 10). For segments 13,
15 and 16 (FIG. 4), only the opposite lines of A and C (FIG.
9) are determined. To detect the orientation of the LV and
allow segment labeling, the lung is segmented in one of the
basal or mid-cavity slices. Lung tissue has a relatively low
signal in MR images and appears as dark areas. In the chosen
slice, a new circular ROI is extracted with the center as the
centroid of the endocardium boundary and with a radius off
mm, where f'is a parameter to the system that is large enough
to include a significant portion of lung tissue in the ROI. It
should be understood that f can be selected by one of
ordinary skill in the art and that the “significant portion of
the lung” would be understood, for example, to balance the
inclusion of portions of the lung tissue in the ROI while
excluding other tissue(s). The ROI is thresholded to obtain
a binary mask where the biggest component is extracted and
identified as the lung. The distance between the centroid of
the two lines (A and C) and the centroid of the lung are
computed. The line with the shorter distance to the lung is
labeled as the division between the anteroseptal and anterior
region while the other as the line that separates the inf-
eroseptal and inferior regions. Thus, the circumferential
locations in the basal and mid-cavity are determined. The
circumferential locations are: anterior, anteroseptal, inf-
eroseptal, inferior, inferolateral, and anterolateral; for apical,
the four segments are: anterior, septal, inferior, and lateral.
Table 1 shows the assignment strategy:

TABLE 1

The assignment of regions by using information from layer ID and
extracted lines. The assumption is: A is the line that represents
the end of the inter-ventricular septum closest to the lung.

D layer sub-region Lines
1 basal anterior F->A
2 basal anteroseptal A->B
3 basal inferoseptal B->C
4 basal inferior C->D
5 basal inferolateral D—>E
6 basal anterolateral E->F
7 mid-cavity anterior F->A
8 mid-cavity anteroseptal A->B
9 mid-cavity inferoseptal B->C

10 mid-cavity inferior C->D

11 mid-cavity inferolateral D->E

12 mid-cavity anterolateral E->F

13 apical anterior F->A

14 apical septal A->C

15 apical inferior C->D

16 apical lateral D->F

17 apex —
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At block 607, the output 1 includes a 3D segment mask.
All tissue in LV is assigned to an anatomical segment label.

At block 608, a measurement function is applied to the 3D
segment mask 607 to determine the value of the regional
functional parameter to display in the polar map 611.
Optional additional inputs 609 to this function may include
other 3D segment masks generated by the method in FIG. 6
(blocks 601 to 603) but using as input a volumetric MR
image series 605, and associated wall boundaries 606 from
a different time point in the heart cycle. Other optional
inputs 609 could be any related data required to calculate the
specific measurement function. Operating upon multiple
inputs in the measurement function allows the display in the
polar map 611 of relative regional functional parameters
such as LV wall (myocardium) motion.

At block 610, a regional linear mapping (image->polar
map) is performed. In the polar map, the anatomical loca-
tions are superimposed and are consistent with the AHA 17
segment standard. In the previous steps, the segments have
been automatically extracted from all slices at a certain time
phase. In order to plot the feature extracted from a slice to
the polar map, the radius and angle for each voxel is
determined. A standard polar map 100, with 17 segments
(shown in FIG. 1) is generated. The radius R of each layer
1 is determined: Let apex layer R,;=0.5 unit, apical layer
R,=1.5 unit, mid-cavity layer R;=2.5 unit and basal layer
R,=3.5 unit. Let n, be the total number of slices in layer 1, the
radius r,; at s-th slice in layer I is defined as,

S(R — Ri-y)
-4
i

Fst = Rt

where R,=0, for all 1 in the range of [1 2 3 4].

After the radius of a slice has been determined, the
information determined for each anatomical region is lin-
early mapped to the corresponding regions in the segment
polar map. The same strategy is then applied to all slices. A
segment polar map with parameter map is then generated as
shown in FIG. 11, where here the color gradient (illustrated
in grey-scale) relates to the thickness of the myocardium
(heart wall) as an example. In FIG. 11 darker areas (e.g,,
1102) reflect thicker myocardium and mid-range and lighter
areas (e.g., 1101) reflect normal myocardium.

At block 612, the regional linear mapping (e.g., from the
polar map to the image) is performed. This process associ-
ates all pixels in the polar map to the corresponding tissue
in the MR images that are used to generate the polar map.
The 2-way link of the polar map and the MR images allows
the user to click on any pixel in the polar map to find the
corresponding location in a specific MR image, and vice
versa.

Let P be a point in the polar map, the goal is to compute
the location k on the s-th slice in the MR image series. In the
flowchart in FIG. 6, in block 602 it is known to which layer
each image slice belongs. From the polar map, let 1 be the
layer ID and r the radius of the chosen point. Based on the
above information the slice ID, s can be determined as,

s=floor((r-R,_, *n/(R~R,_}))

where R, is the radius of the layer 1, and n, is the number of
slices in that layer that is obtained from block 602 in FIG.
6.

After the slice ID of the point P is determined, the location
k on that slice needs to be generated. In the process shown
in FIGS. 7-10, the boundaries of each segment (Lines A, B,
C, D, E, F) are obtained. By linearly mapping the point P in
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its selected segment to the corresponding segment in the LV,
the location on the s-th slice can be found.

At block 611, the output includes a 2-D polar map to
present regional functional parameters of the LV. The 2-D
polar map offers features including:

1. The functional measurements or parameters for all LV
tissue are presented in the polar map with the label of the
anatomical regions. The polar map allows a user to visualize
the overall distribution of the functional parameters, espe-
cially identify suspicious regions with abnormal parameters.

2. The polar map is able to visualize the granular details
for all tissue in the LV.

3. The polar map has a 2-way 1-to-1 mapping to the
corresponding location in the MR image. It allows the users
to find the regions in the MR image that shows abnormal
parameters in the polar map. In this way, the users not only
are able to see the overall distribution of the parameters with
the segment labeled, but they can also directly go to the
corresponding location in the MR image (e.g., by clicking on
the problematic regions on the polar map).

It should be understood that the methodologies of
embodiments of the invention may be particularly well-
suited for automatic segment extraction and visualization.
Furthermore, the disclosure is not limited to MRI and
embodiments are application to other imaging systems, such
as computed tomography (CT), positron emission tomogra-
phy-computed tomography (PET-CT), and the like.

By way of recapitulation, according to an exemplary
embodiment of the present invention, a method for auto-
matically generating a polar map of the LV in a segment
model (see FIG. 6) includes long-axis partitioning 602,
short-axis partitioning 603, and polar map generation 604.
The method is applied on all 2D MR slices of a certain time
phase in a cine cardiac MRI, such as end-diastole. The
method takes input 601 including a volumetric MR image
series 605 with the associated myocardial boundaries 606.
The method outputs a parametric segment mask 607 for all
tissue in the LV, a polar map 611 to represent the regional
functional parameters extracted from the LV 610, and a
mapping from the polar map to the anatomical location in
the cardiac MRI series 612.

The methodologies of embodiments of the disclosure may
be particularly well-suited for use in an electronic device or
alternative system. Accordingly, embodiments of the present
invention may take the form of an entirely hardware
embodiment or an embodiment combining software and
hardware aspects that may all generally be referred to herein
as a “processor,” “circuit,” “module” or “system.”

Furthermore, it should be noted that any of the methods
described herein can include an additional step of providing
a system for feedback collection and analysis. Further, a
computer program product can include a tangible computer-
readable recordable storage medium with code adapted to be
executed to carry out one or more method steps described
herein, including the provision of the system with the
distinct software modules.

Referring to FIG. 12; FIG. 12 is a block diagram depicting
an exemplary computer system 1200 for automatic segment
extraction according to an embodiment of the present inven-
tion. The computer system shown in FIG. 12 includes a
processor 1201, memory 1202, display 1203, input device
1204 (e.g., keyboard), a network interface (I/F) 1205, a
media IF 1206, and media 1207, such as a signal source, e.g.,
camera, Hard Drive (HD), external memory device, etc.

In different applications, some of the components shown
in FIG. 12 can be omitted. The whole system shown in FIG.
12 is controlled by computer readable instructions, which
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are generally stored in the media 1207. The software can be
downloaded from a network (not shown in the figures),
stored in the media 1207. Alternatively, software down-
loaded from a network can be loaded into the memory 1202
and executed by the processor 1201 so as to complete the
function determined by the software.

The processor 1201 may be configured to perform one or
more methodologies described in the present disclosure,
illustrative embodiments of which are shown in the above
figures and described herein. Embodiments of the present
invention can be implemented as a routine that is stored in
memory 1202 and executed by the processor 1201 to process
the signal from the media 1207. As such, the computer
system is a general-purpose computer system that becomes
a specific purpose computer system when executing routines
of the present disclosure.

Although the computer system described in FIG. 12 can
support methods according to the present disclosure, this
system is only one example of a computer system. Those
skilled of the art should understand that other computer
system designs can be used to implement embodiments of
the present invention.

The present invention may be a system, a method, and/or
a computer program product. The computer program prod-
uct may include a computer readable storage medium (or
media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present invention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but is not limited to, an
electronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
is not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program instructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface in each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage in a computer readable storage
medium within the respective computing/processing device.
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Computer readable program instructions for carrying out
operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written in any combination
of one or more programming languages, including an object
oriented programming language such as Smalltalk, C++ or
the like, and conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example. through the Internet using
an Internet Service Provider). In some embodiments, elec-
tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLA) may execute the computer
readable program instructions by utilizing state information
of the computer readable program instructions to personalize
the electronic circuitry, in order to perform aspects of the
present invention.

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks in the
flowchart illustrations and/or block diagrams, can be imple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function in a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified in the flowchart and/or block diagram block or
blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer imple-
mented process, such that the instructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified in the flow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams in the Figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block in the flowchart
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or block diagrams may represent a module, segment, or
portion of instructions, which comprises one or more
executable instructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted in the block may occur out of the order noted
in the figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block dia-
grams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.

Although illustrative embodiments of the present inven-
tion have been described herein with reference to the accom-
panying drawings, it is to be understood that the invention
is not limited to those precise embodiments, and that various
other changes and modifications may be made therein by
one skilled in the art without departing from the scope of the
appended claims.

What is claimed is:

1. A method for automatically identifying and localizing
anatomical regions of a left ventricle of a heart using a
segment model, the method comprising:

receiving a volumetric image series of a certain phase in

a heart cycle with associated myocardial boundaries,
representing the heart;

performing a long-axis partitioning on each image of the

volumetric image series; performing a short-axis par-
titioning on each image of the volumetric image series;
generating a parametric segment mask defining a plurality
of segments of volumetric images of the volumetric
images series and assigning anatomical segment labels
to the plurality of segments of the volumetric images of
the volumetric image series, wherein generating the
parametric segment mask further comprises determin-
ing, in the short-axis partitioning on each image of the
volumetric image series, an inner radius of a cylinder
for each slice of the volumetric image series, and
determining an outer radius of the cylinder by adding a
predetermined thickness to the inner radius;
applying a measurement function to the parametric seg-
ment mask to determine a plurality of regional func-
tional parameters of the plurality of segments of the
volumetric images, wherein the plurality of segments
correspond to the anatomical segment labels;

generating a polar map comprising a plurality of segments
consistent with a segment standard for myocardial
boundaries by mapping the plurality of regional func-
tional parameters determined for each of the plurality
of segments of the volumetric images to the plurality of
segments consistent with the segment standard for
myocardial boundaries, wherein the polar map is a
visual representation of the plurality of regional func-
tional parameters of the plurality of segments of the
volumetric images for the certain phase determined by
applying the measurement function to the parametric
segment mask and mapped to the plurality of segments
of the polar map; and

generating a mapping from each of a plurality of points in

the polar map to corresponding voxels in the volumet-
ric image series representing one or more anatomical
locations in the volumetric image series, wherein the
mapping is displayed, wherein each of the anatomical
locations is characterized using the long-axis partition-
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ing and the short-axis partitioning, and wherein the
mapping facilitates selectable links between the plural-
ity of points in the polar map and the corresponding
voxels in the volumetric image series.

2. The method of claim 1, further comprising automati-
cally generating the polar map.

3. The method of claim 1, wherein the plurality of
regional functional parameters are represented in the polar
map by a color range and the anatomical location is directly
related to a specific segment of the polar map.

4. The method of claim 1, wherein the polar map displays
the plurality of regional functional parameters for a plurality
of layers of the heart captured by the volumetric image series
at the certain phase of the heart.

5. The method of claim 1, the polar map has a 1-to-1
linkage from the points in the polar map to the voxels in the
volumetric image series.

6. The method of claim 5, further comprising receiving an
indication of one of the points in the polar map and

10

12

outputting at least one of a corresponding tissue and its
regional functional parameters.

7. The method of claim 1, wherein the mapping is a
regional linear mapping facilitating identification of a loca-
tion in the anatomical location via user selection of a pixel
of the polar map, wherein the pixel is one of the points.

8. The method of claim 1, wherein the mapping is a
regional linear mapping facilitating identification of a pixel
of the polar map via user selection of a location in the
anatomical location, wherein the pixel is one of the points.

9. The method of claim 1, wherein applying the measure-
ment function to the parametric segment mask determines a
plurality of regional functional parameters within each of the
plurality of segments of the volumetric image.

10. The method of claim 1, wherein the inner radius
corresponds to an inner LV wall boundary and the outer
radius corresponds to an outer LV wall boundary.

* ok %k
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