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7) ABSTRACT

A system and method of ultrasound quantification acquires
acoustic image data from anatomic locations distributed in
more than 2 dimensions, and uses a segmentation algorithm
to provide real-time volume measurements. A 2D array is
used to acquire two orthogonal (bi-plane) 2D images simul-
taneously. The images are segmented individually to deter-
mine the volume borders using any number of acoustic
algorithms. The borders from the two bi-plane images are
mathematically combined to give a volume measurement. A
control processor controls the system to thereby obtain
instant feedback of the segmented image data and enhance
the volume measurements of the image. The system and
method is extended to a number of simultaneous 2D images
and to a full 3D volume acquisition.

19 Claims, 2 Drawing Sheets
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ULTRASOUND QUANTIFICATION IN REAL-
TIME USING ACOUSTIC DATA IN MORE
THAN TWO DIMENSIONS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ultrasound quantifica-
tion system acquiring acoustic image data from anatomic
locations distributed in more than two dimensions, and using
a segmentation algorithm to provide real-time volume mea-
surements.

2. Description of the Related Art

Information as to a volume of a left ventricle of a heart as
a function of time is useful to physicians in evaluating the
heart. In particular, the volume at diastole, the volume at
systole, the rate of change of the volume and other volume
parameters, provide useful information to a physician.

Ultrasound imaging is an approach used to determine the
volume of the left ventricle of the heart. The volume is
determined from a two-dimensional ultrasound image by
determining a cross-sectional area from the ultrasound
image and making certain assumptions regarding a shape of
the left ventricle.

HG. 1 1s a prior art diagram illustrating an ultrasound
quantification system.

Referring now to FIG. 1, a scanner 20 performs ultra-
sound scanning of a specified region of patient’s body, such
as the heart. The scanner 20 includes an ultrasound trans-
ducer 10 for transmitting and receiving ultrasound energy.
The transducer 10 transmits ultrasound energy into an image
region and receives reflected ultrasound energy from organs
within the patient’s body.

As well known in the prior art, the transducer may include
an array of transducer elements. By appropriately delaying
the pulses applied to each transducer element, a focused
ultrasound beam is transmitted along a desired scan line. A
reflected ultrasound energy from a given point within the
patient’s body, is received by the transducer elements at
different times. The transducer elements converge the ultra-
sound energy signals and supply the signals to a beam
former. The beam former processes the signals and outputs
a signal stream indicative of a focused received beam.

A depth and direction of a focal point of the received
beam, relative to the ultrasound transducer, may be varied
dynamically with time by appropriately delaying received
signals from each of the transducer elements. The delayed
signals from each of the transducer elements are summed to
provide a scanner signal representative of a reflected energy
level along a scan line. The above process is repeated for
multiple scan lines to provide signals for generating an
image of the prescribed region of the patient’s body.
Typically, the scan pattern is a sector scan wherein the scan
lines originate at a point at a center of the ultrasound
transducer and are directed at different angles.

An output of the scanner 20 is applied to a scan converter
30 which converts the sector scan information generated by
the scanner 20 to a conventional raster scan display. An
output of the scan converter 30 is then applied to an online
display 40.

As indicated by a junction 35, ultrasound data output by
the scan converter 30 is stored in the form of images on an
optical disc 50. The optical disc 50 is a computer medium
storage which may be a magnetic optical disc, JAZZ disc,
ZIP disc, etc., or, for example, a network connection. The
optical disc 50 is downloaded to a workstation 60. Here,
segmentation 70 is applied which involves, for example,
separating in cardiac applications, tissue from blood such
that a pool of blood is segmented away from tissue data. An
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area or volume of the blood pool is thereby, quantified using
a quantification technique 80. Thus, for example, a user may
view the volume of blood in the left ventricle of the heart on
an offline display 90.

It is clinically desirable to measure volumes of anatomic
structures such as the left ventricle of the heart from ultra-
sound images. It is also desirable for these measurements to
be performed semi-automatically by an ultrasound quanti-
fication system. Today these measurements are performed
on one or more 2D images. If a single 2D image is used, the
shape of the volume is assumed in the 3D dimension
resulting in an erroneous result for asymmetric shapes. If
multiple images are used, the multiple images are acquired
at different times and transducer positions, and are neither
time synchronous nor geometrically correct. Thus, obtained
results are erroneous. Furthermore, all existing multi-plane
solutions are not automatic and require manual tracing of the
volume measurements.

Therefore, a need exists for a system capable of acquiring
acoustic image data from anatomic locations distributed in
more than two dimensions and using a segmentation algo-
rithm to provide real-time volume measurements.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide an ultrasound quantification system acquiring
acoustic image data from anatomic locations distributed in
more than two dimensions and using a segmentation algo-
rithm to provide real-time volume measurements.

Objects of the present invention are achieved by provid-
ing an apparatus which includes a transducer acquiring
image data from an image having more than two spatial
dimensions. A segmentation device segments the image data
to determine volume borders of the image data. The appa-
ratus also includes a quantification device mathematically
combining the volume borders of the image data to produce
volume measurements in real-time.

Objects of the present invention are achieved by provid-
ing a method which includes acquiring acoustic image data
from an image having more than two spatial dimensions.
The method also includes segmenting the image data to
determine volume borders of the image data, and combining
the volume borders mathematically, to produce volume
measurements in real-time.

Additional objects and advantages of the invention will be
set forth in part in the description which follows, and, in part,
will be obvious from the description, or may be learned by
practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and advantages of the invention
will become apparent and more readily appreciated from the
following description of the preferred embodiment, taken in
conjunction with the accompanying drawing of which:

FIG. 1 is a prior art diagram illustrating an ultrasound
quantification system.

FIG. 2 is a diagram illustrating an ultrasound quantifica-
tion system, according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference will now be made in detail to the present
preferred embodiment of the present invention, examples of
which are illustrated in the accompanying drawings,
wherein like reference numerals refer to like elements
throughout.

FIG. 2 is a diagram illustrating an ultrasound quantifica-
tion system, according to an embodiment of the present
invention.
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Referring now to FIG. 2, a scanner 120 performs ultra-
sound scanning of a specified region of patient’s body, such
as a left ventricle of a heart. The scanner 120 includes an
ultrasound transducer 110 for transmitting and receiving
ultrasound energy. The transducer 110 transmits ultrasound
energy into an image region receives reflected ultrasound
energy from organs within the patient’s body. Data output by
the scanner 120 is applied to a scan converter 130 which
converts the data generated by the scanner 120 to a conven-
tional raster scan display. An output of the scan converter
130 is then applied to an online display 170.

At a junction 125, the scanner 120 sends ultrasound data
to a segmentor 140, automatically and on-line in a pre-scan
conversion. The segmentor 140 performs, for example,
segmentation of the ultrasound data on the left ventricle to
determine volume borders of the left ventricle. After the
ultrasound data is segmented, the segmented ultrasound data
is output to a quantifier 150 and a scan converter 160. The
quantifier 150 may be, for example, a SONO 5500. The
quantifier 150 mathematically combines the volume borders
of the left ventricle to give a volume measurement of the
ultrasound data which is viewed on the online display 170.
The scan converter 160 converts the ultrasound data such
that an ultrasound image is viewed on an online display 170.

Also, in FIG. 2, a control processor 180 is used to control
an operation of the scanner 120, scan converter 130, seg-
mentor 140, quantifier 150, and scan converter 160. The
control processor 180 controls various stages of image
processing for instant feedback. For example, the control
processor changes parameters or ultrasound properties in the
segmentor 140 to enhance the volumetric borders of the
ultrasound images.

Therefore, for example, the ultrasound quantification sys-
tem acquires acoustic image data from anatomic locations
distributed in more than two dimensions and uses a seg-
mentation algorithm to provide real-time volume measure-
ments. A 2D array is used to acquire two orthogonal (bi-
plane) 2D images simultaneously. Then, the images are
segmented individually to determine the volume borders
using acoustic algorithms. The borders from the two
bi-plane images are mathematically combined to give a
volume measurement. The system and method may be
extended to a number of simultaneous 2D images, or to a full
3D volume acquisition. Many different types of transducers
may be used to acquire the images such as, for example,
bi-plane transducers, wobblers, and rotating probes.

Various examples of an ultrasound quantification system
are described herein. However, the present invention is not
limited to these specific examples of the ultrasound quanti-
fication system.

Although a preferred embodiment of the present invention
has been shown and described, it would be appreciated by
those skilled in the art that changes may be made in these
embodiments without departing from the principles and
spirit of the invention, the scope of which is defined in the
claims and their equivalents.

What is claimed is:

1. An apparatus comprising:

a transducer acquiring image data from an image having
more than two spatial dimensions;

a segmentation device for automatically segmenting said
image data to determine volume borders of an anatomi-
cal structure within the image data; and

a quantification device mathematically combining the
volume borders of said image data to produce volume
measurements of the anatomical structure in real-time.

2. The apparatus according to claim 1, wherein said

transducer acquires a full three-dimensional volume acqui-
sition.
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3. The apparatus according to claim 1, wherein said
transducer acquires multiple two-dimensional planes.

4. The apparatus according to claim 1, further comprising:

a control processor controlling said transducer, said seg-

mentation device, and said quantification device to
obtain instant feedback of the segmented image data,
wherein parameters of the segmented image data are
changed to enhance the volume measurement of the
anatomical structure within the image.

5. The apparatus according to claim 1, wherein said
transducer acquiring the image data is one of a 2D array,
bi-plane transducer, wobbler, or a rotating probe.

6. The apparatus according to claim 1, wherein the
segmentation device differentiates the volume borders
between different types of image data.

7. The apparatus according to claim 1, wherein the
real-time volume measurements are repeated at a rate of at
least 10 Hz/s.

8. The apparatus as set forth in claim 1, further comprising
an on-line display, wherein the volume measurements are
displayed in real time.

9. The apparatus as sct forth in claim 8, further comprising
a scan converter for converting the image data to a conven-
tional raster scan.

10. An apparatus comprising:

acquisition means for acquiring image data from an image

having more than two spatial dimensions;

segmentation means for automatically segmenting said
image data to determine volume borders of an anatomi-
cal structure included with the image data; and

quantification means for combining the volume borders of
said image data to produce volume measurements of
the anatomical structure in real-time.

11. A method comprising:

acquiring acoustic image data from an image having more
than two spatial dimensions;

segmenting said image data automatically to determine
volume borders of an anatomical structure within the
image data; and
combining the volume borders mathematically, to pro-
duce volume measurements in real-time.
12. The method according to claim 11, wherein the image
data acquired is a full three-dimensional volume acquisition.
13. The method according to claim 11, wherein the image
data acquired are multiple two-dimensional planes.
14. The method according to claim 11, further compris-
ing:
obtaining instant feedback of the segmented image data,
and

changing parameters of the segmented image data to

enhance the volume measurement of the image.

15. The method according to claim 11, wherein the image
data is acquired by one of a 2D array, bi-plane transducer,
wobbler, or a rotating probe.

16. The method according to claim 11, wherein said
segmenting differentiates the volume borders between dif-
ferent types of image data.

17. The method according to claim 11, wherein the
real-time volume measurements are repeated at a rate of at
least 10 Hz/s.

18. The method as set forth in claim 11, further compris-
ing a step of displaying the volume measurements in real
time.

19. The method as set forth in claim 11, further compris-
ing a step of converting the image data to a conventional
raster scan in real time.
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