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(57) ABSTRACT

A system for screening breast tissue is disclosed. The system
comprises an ultrasound probe and a carrier adapted to sup-
port the ultrasound probe and to progressively move the probe
over the breast tissue. A pad is employed to cover the nipple
of the breast tissue, and a fabric covering is adapted to hold the
breast tissue and the pad in place as the probe is moved over
the breast tissue.
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SCHEMATIC DIAGRAM SHOWING A PLURALITY OF SCAN ROWS OF SCREENING
IMAGES MADE IN A RICHT LATERAL SCAN OF A HUMAN BREAST
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SCHEMATIC OF A PREFERRED EMBODIMENT OF A FILE THAT INCLUDES A
PLURALITY OF SCAN ROW IMAGES
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ULTRASONIC CELLULAR TISSUE
SCREENING SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] Priority is claimed as a continuation application to
U.S. patent application Ser. No. 11/556,656, filed Nov. 3,
2006, which s a continuation application of U.S. patent appli-
cation Ser. No. 11/214,628, filed Aug. 29, 2005, now U.S. Pat.
No. 7,556,603 which is a continvation of U.S. patent appli-
cation Ser.No. 10/328,259, filed Dec. 23, 2002, now U.S. Pat.
No. 7,445,599, which is a divisional of U.S. patent applica-
tion Ser. No. 09/687,128, filed Oct. 13, 2000, now U.S. Pat.
No. 6,524,246. The disclosures of the aforementioned prior-
ity applications which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The field of the present invention is ultrasonic scan-
ning and diagnostics for cellular tissue.

BACKGROUND OF THE INVENTION

[0003] Ultrasonic probes have been used for scanning cel-
lular tissue for many years. Presently, any medical ultrasound
examination, whether of the heart, pelvis, abdomen, soft tis-
sues or any other system, is usually displayed as a number of
individual frames or pictures from a study performed in a
dynamic movie-like manner. The usefulness of the scan, how-
ever, is dependent on the skill of the operator, who manipu-
lates the probe by hand while watching the scan images on a
monitor to identify areas of interest. Once these areas are
identified, the operator usually records single or multiple
single scan images showing those areas.

[0004] Because the operator must choose a few frames
from the large number generated during the scan, the process
is opento error. The operator may fail to select an image of an
important finding, or may select an image that misrepresents
the overall findings. In addition, since the operator is manipu-
lating the probe by hand, and the speed of the probe over the
tissue cannot be correlated with the image capture rate of the
probe, the coverage of the scanned tissue is somewhat hap-
hazard. As a result, the operator does not record a series of
images that represent a contiguous and complete set of
images for the entire scanned tissue. Nor does the manual
operation of the probe allow for entirely uniform coverage of
the tissue, even if multiple passes are used.

[0005] A second method of recording ultrasonic examina-
tions is used for dynamic examinations such as echocardio-
graphy, where a dynamic recording is made on videotape.
Unfortunately, this analog method is not matched to the digi-
tal sonographic recording of individual frames. Conse-
quently, there is a great loss of detail that prevents the evalu-
ation of individual frames, which limits the usefulness of the
videotape for diagnosing tissue anomalies. In addition, the
use of separate videotapes for individual patients is expen-
sive, and creates a storage problem because of the bulkiness
of the tapes. The interpreting physician has no way to vary the
speed of playback or to vary the size of the images. Nor can
the physician vary the inherent contrast and brightness of the
images, only the monitor settings. These difficulties lengthen
the review time and prevent optimum viewing.

[0006] Specific to screening asymptomatic women for
occult breast cancer, there are two methods presently in wide-
spread use, physical examination and mammography. Both of
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these methods are imperfect. Physical examination, whether
performed by the woman herself or by a physician or other
health care provider, usually cannot detect cancers smaller
than %2 inch in diameter. Some cancers have to be many times
larger to be detected. Mammography is unable to detect as
many as 30 percent of cancers smaller than %2 inch. About 5
to 10 percent of larger cancers are mammographically occult.
Mammograms also use radiation and necessitate painful
compression of the breasts, which discourage women from
having routine mammograms.

[0007] Although not well recognized by the medical com-
munity, ultrasound is very proficient at diagnosing breast
cancers if the location of the abnormality is first discovered by
another modality, such as mammography or physical exami-
nation. When using ultrasound as a screening method for the
entire breast, however, malignancies are usually difficult to
pick out of the background tissue. In the past there have been
two schemes to use ultrasound for breast screening, but they
failed to gain acceptance due to their unacceptably low suc-
cess rate in finding cancers.

[0008] One method was a water bath system with multiple
ultrasound probes and the breast in a water bath that allowed
generation of images of the whole breast in consecutive
slices. These slices could be viewed in sequence at a rate of
one every ten seconds.

[0009] The second method was to videotape-record the
scanning performed by a technician examining the entire
breast. This method had the disadvantage of being somewhat
haphazard in breast coverage. The variable speed of manual
motion does not allow the tissue to be uniformly imaged
because the speed is not synchronized to the frame capture
rate of the ultrasound probe. Videotaping also results in a
degradation of the images for the reasons described above.
[0010] To date, no method has been developed to uniformly
and reliably use ultrasound probes to create a contiguous and
complete set of scan images for an entire area of cellular
tissue, such as a human breast. Ultrasound is usually used to
investigate areas of interest in cellular tissue that have already
been identified by other screening methods such as mammo-
grams, x-rays, and MRI-scans. Ultrasound is not ordinarily
used as a screening tool for cellular tissue anomalies.

[0011] Type here
SUMMARY OF THE INVENTION
[0012] The present invention is directed to an improved

system of ultrasonic scanning and diagnostics of cellular
tissue. A sequence of cross-sectional ultrasonic images of
tissue are generated. The images are recorded in sequence.
The recorded images may then be manipulated, if desired and
may be viewed in rapid succession. Such uses can substan-
tially enhance diagnostics.

[0013] Accordingly, it is an object of the present invention
to provide a system and method that will allow cellular tissue
to be reliably screened for anomalies by ultrasonic scanning.
Other and further objects and advantages will appear hereaf-
ter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1is a block diagram showing the elements of a
cellular tissue screening tool and its interconnections.

[0015] FIG. 2 depicts a plan view of a patient platform and
probe carrier.
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[0016] FIG. 3 depicts a side view of a patient platform and
probe carrier.
[0017] FIG.4 depicts an end view of a patient platform, and

the probe carrier holding an ultrasonic probe.

[0018] FIG. 4A depicts a portion of a probe carrier holding
an ultrasonic probe.

[0019] FIG.5isaschematic diagram showing a plurality of
scan rows of scan row images made of a right lateral scan of
a human breast.

[0020] FIG. 6 is a flow chart describing how the viewing
program on the computer acquires data from the ultrasonic
scanner, converts it into digital image data that can be used by
the viewing program, and creates an image file.

[0021] FIG.71isaflow chart describing how a user interface
of the viewing program operates to acquire data from the
ultrasonic scanner and create an image file on the computer.
[0022] FIG. 8is a schematic of a preferred embodiment of
an image file containing a plurality of scan row images.
[0023] FIG.9isa flow chart describing how the user intet-
face of the viewing program operates during playback of
images on the computer.

[0024] FIG. 10 is a flow chart describing the operation of
the viewing program’s location function.

[0025] FIG. 11A is a front view of a fabric covering.
[0026] FIG. 11B is a rear view of a fabric covering.
[0027] FIG. 12A is a plan view of a nipple pad.
[0028] FIG. 12B is a side view of a nipple pad.

[0029] FIG. 12C is a perspective view of a nipple pad.

DETAILED DESCRIPTION OF THE INVENTION

[0030] As shown in FIG. 1, a preferred embodiment is
comprised of a patient platform 2 to steady the patient and
provide a base for the support member 4, the probe carrier 5
connected with the support member 4 that is capable of trans-
lational movement to guide the probe across the tissue to be
scanned, a standard medical ultrasound device 6 with an
associated probe 8, a remote control device 10 that operates
the probe carrier 4, a standard computer 12, a connection
device 14 between the ultrasound device 6 and the computer
12, and a viewing program that obtains images from the
ultrasound device and converts them into images compatible
with the viewing program and displays the images. The medi-
cal ultrasound scanning device 6 with associated probe 8,
computer 12, and connection device 14 are commercially
available.

[0031] The mechanical carrier 4 holding the ultrasound
probe 8 can be connected with the ultrasound scanner 6.
Synchronization between the probe holder mechanical carrier
4 and the ultrasound scanner 6 can be employed while record-
ing the scans.

Probe Carrier

[0032] Inorder to obtain substantially parallel and contigu-
ous images, a mechanical device holding the ultrasound
probe 8 propels the probe across the tissue to be scanned at a
uniform rate. In a preferred embodiment shown in FIG. 3, the
probe carrier is mounted to a patient platform 16 that steadies
the patient during the exam and acts as a base for the mechani-
cal probe carrier. The carrier carriage 18 shown in FIGS. 2 and
3 is comprised of two parallel vertical members attached to
rails 20 beneath the platform and a horizontal member that is
attached to the top of the two vertical members, as shown in
FIG. 4. The rails 20 allow the carriage 18 to move along the
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length of the platform, or the x-axis, as shown in FIGS. 2 and
3. Attached to the horizontal member between the two verti-
cal members is another vertical member, called the carrier
arm 22, with the carrier 24 holding an ultrasound probe 8 at its
lowerend. The carrier arm 22 is attached in such a manner that
allows it to move along both the y-axis and the z-axis, so that
it can move both across the patient and nearer/further from the
patient on the platform, as shown in FIG. 4. The carrier 24
itself is articulated to hold the probe at any desired angle
relative to the patient by rotating about the x and y axes. The
carrier 24 holds the probe 8 at a fixed angle during scanning.
In another embodiment, the carrier 24 dynamically angles the
probe 8 during the scanning process to keep it perpendicular
to the patient’s skin (or any other preferred orientation).

[0033] To protect the carriage assembly when not in use,
and to prevent the patient from becoming entangled in it when
first lying on the platform, the assembly is housed in a
“garage” 26 at one end of the platform 16. In a preferred
embodiment, the carriage 18 is propelled along the x-axis of
the platform 16 during scanning by one or more motors that
are controlled by a microprocessor. The carrier arm 22 is also
moved along its two axes during scanning by one or more
motors controlled by one or more microprocessors. The
microprocessor(s) can be separate from the computer that
operates the viewing program (described below), or the com-
puter can be used for this purpose. The carrier arm 22 moves
along the 7-axis to maintain consistent contact between the
probe 8 and the patient’s skin during scanning. The carrier
arm 22 maintains a constant pressure of the probe 8 on the
patient, with a user-selected preset value. This pressure is
monitored during the scan and an override function will move
the carrier arm 22 up and away from the patient in the z-axis
if a maximum pressure level is detected. In another embodi-
ment, the operator will maintain the pressure manually during
the scanning process, and the pressure may be measured
using pressure transducer(s) in close proximity to the probe
head. The carrier arm 22 will move upward to clear the patient
at the end of the scan. A manual override on the remote
control 10 is also available to move the carrier arm 22 away
from the patient when there is a panic or emergency situation.

[0034] 1In other embodiments, the carriage and carrier arm
can be either on a parallel track arrangement (one sided or
multi-sided), or be comprised of an articulating arm or some
other contrivance, located over, underneath or adjacent to the
patient (with or without the use of a patient platform) posi-
tioned either upright or prone. The carrier arm need not be
supported by a carriage assembly connected to the patient
platform, but could be independently suspended from the
ceiling, wall, or floor. The carrier mechanism could be similar
to carriage mechanisms currently used to support x-ray
machines, with means added to provide the requisite move-
ment of the probe. The probe may be supported and propelled
by the mechanical carrier by any means (manually, mechani-
cally, electrically, hydraulically, pneumatically or by any
other means, with or without control feedback), or any com-
bination of methods. These methods, singularly or combined
may be utilized to control the probe in the X, Y and Z-axes.
Gravity may also be employed to provide the requisite pres-
sure of the probe on the patient, or assist in the propulsion of
the probe across the tissue.

[0035] The probe may be designed as a permanent or
removable component of the mechanical carrier. The carrier
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may be designed with or without an onboard integrated ultra-
sound machine, ultrasound probe, and or ultrasound probe
interface.

[0036] Thecarrier 24 can be articulated to change the angu-
lar position of the probe 8 prior to or during scanning either
manually, or by one or more motors controlled by one or more
microprocessors. The microprocessor(s) can be separate
from the computer that operates the viewing program (de-
scribed below), or the computer can be used for this purpose.
The pitch axis tilts the probe 8 forward and backward, rotating
it about the y-axis, and the roll axis tilts the probe 8 left and
right, rotating it about the x-axis. The pitch and roll axes
maintain full contact between the probe and the skin surface
by maintaining the probe 8 at a perpendicular angle to the
skin, to allow for optimal ultrasonic imaging.

[0037] In an embodiment where the probe’s angular posi-
tion is adjusted automatically during scanning, the pitch and
roll adjustments are triggered by one or more displacement
transducers positioned around the ultrasound probe 8. In this
embodiment, all the data related to the position and angle of
the probe 8 are provided to the viewing program to allow the
images to be correlated with their corresponding location on
the patient. The position data allow the program to compen-
sate for the overlapping of, or gaps between images. The
measurement system can be by any means or convention and
may consist of any or all of X, Y, Z-axes and/or the probe
angular position.

[0038] The speed of the carrier 24 holding the probe 8 is
precisely controlled by a microprocessor, and the speed is
correlated with the capture rate of the ultrasonic scanning
device 6. Theuniform speed ofthe carrier 24 results in images
that are uniformly spaced, which allows the viewing program
(discussed below) to calculate the position of a selected point
on any image. In an embodiment where the probe is held at a
fixed angle during the scan, the uniform spacing is all that is
necessary to determine the position of each frame of the scan
on the patient. The ultrasound scanning device 6 acts as a
controller in communication with the probe 8 to sequentially
activate the probe 8 as it moves across the tissue, but any other
controller could be used to activate the probe, including a
computer linked to the probe or the scanning device or both.
[0039] When used for breast tissue scanning, the operator
will determine the amount of area of the breast for scanning.
In current practice, the width of the tissue scanned by the
ultrasound probe is generally too small to capture an image of
an entire organ, such as the breast. As aresult, several adjacent
passes are performed to provide complete coverage. Fach
pass (called a scan row) will have some overlap with the
preceding pass, to achieve full coverage and eliminate the
potential for missing features at the fringes of the scan. Prior
to each successive pass, the carrier arm 22 lifts away from the
patient, moves along the y-axis across the breast and along the
x-axis to the top of the breast to position itself for the next scan
row, then lowers itself along the z-axis onto the patient.
[0040] A scanrow contains a plurality of individual images
or frames, typically about 200 to 300 for a breast. FIG. 5
depicts how the frames 28 in scan rows 30 are aligned on a
typical breast scan, but for clarity, no overlap is shown. A scan
row 30 can be thought of as a stack of photographic slides,
each slide representing an individual frame 28. The frames 28
are evenly spaced. This may be accomplished by uniform
motion of the probe 8 and uniform timing of the scans. The
frames are most conveniently substantially parallel to each
other.
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[0041] In another embodiment, the probe’s 8 angular posi-
tion is dynamically adjusted during scanning to follow the
contours of the tissue being scanned. In that embodiment, the
tops of the frames are evenly spaced, and the tissue contours
will be sufficiently gentle that adjacent frames will remain
substantially parallel to each other, although they may differ
by as muchas a few degrees. Although adjacent frames within
a single scan row are substantially parallel, frames may
become progressively less parallel as they are separated by an
increasing number of frames. Frames in two adjacent scan
rows are not necessarily substantially parallel.

[0042] Inapreferred embodiment, two breasts are scanned
in four segments, each segment consisting of one-half of a
breast. Each segment consists of multiple scan rows 30, with
the first scan row aligned at the center of the breast over the
nipple and successive scan rows being progressively further
from the nipple. FIG. 5 depicts a series of scan rows 30 that
make up one segment. In other embodiments, each breast may
be scanned in one or more segments, with the scan rows
progressing across the entire breast from lateral to medial, or
vice-versa.

Viewing Program

[0043] The viewing program preferably has the following
overall features:

[0044] a) It allows the entry and storage of demographic
and other written data about each patient.

[0045] D) It extracts multiple series of the scanning data
from the ultrasound scanning device either as a single
image, a completed data set from a cine loop or as
real-time continuous data from video streaming.

[0046] c) It assembles this data into a single or a number
of individual frames for viewing.

[0047] d) It may present the multiple data series as
descriptive titles on a content page for subsequent
review by the operator.

[0048] e) Inthe case above, when each descriptive title is
selected, the corresponding data series is loaded and
displayed by the viewer.

[0049] 1) Itis able to present the frames from each data
set as individual images that are displayed on a monitor
at a variable rate. This rate can be sufficiently fast to
impart a movie or cine-like quality to the images. The
frames can be also displayed at a slow rate or even as still
pictures for more intense study.

[0050] g) It is able to display the images at variable
magnification and with a variety of imaging enhance-
ments that make anomalies more pronounced and vis-
ible, including variable contrast and brightness, gamma
correction, etc.

[0051] h) It acts as a recorder, able to store the informa-
tion from each patient scan on a data storage device such
as a computer hard disk and on any temporary or pet-
manent data storage device such as compact disks
(CD’s).

[0052] 1) Along with the patient scan data, it may incor-
porate a stand-alone viewer program on each CD or
other storage media.

[0053] j) It allows the transfer of single or multiple
images to the Internet, printers or other image programs,
such as PowerPoint or PhotoShop.

[0054] k) Itallows for the translation of the scan data into
the DICOM format for use by other proprietary sofi-
ware.
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[0055] 1) During image review, it emits an audible signal,
a visual signal, or both, that identifies the end of each
scan row, segment, and breast, to identify the relative
position within the scan data without requiring the user
to look away from the images in order to assess the
relative position within the image sequence.
[0056] A preferred embodiment of the viewing program (or
viewer) is a streamlined, monolithic, 32-bit Windows appli-
cation designed to run on Windows 95, Windows 98, NT 4,
and Windows 2000. A preferred embodiment is implemented
to interface with and acquire data from the General Electric
Logiq 700 medical ultrasound scanner. The viewing program
could, of course, be written to run on other types of computer
systems and future versions of operating systems, and to
interface with other types of scanning devices. As used in the
claims, “computer” generically refers to any suitable device
using one or more microprocessors to process data.
[0057] The viewing program’s monolithic structure and
relatively small size allow it to be bundled with the image data
for ease of transport and viewing flexibility. In most cases,
complete scan data for a patient and the program can be
placed on asingle CD, allowing the user to transport a number
of patient scans in a relatively small package, and view them
on any computer that is compatible with the software on the
CD. Although it would be even more convenient to transmit
scans via e-mail, the current speed and size limitations of
e-mail make sending the entire scan impractical. If desired,
however, the viewing program can select small segments of
the scan data and bundle it with the viewing program, for a
small data package that is practical to send via current e-mail
systems. Other delivery options could also be utilized, such as
streaming video over the internet, or discrete file downloads
using file compression to speed download time. To satisfy
medical regulatory requirements, a lossless compression
technique should be used, such as Portable Network Graphics
(PNG), or other lossless schemes.
[0058] In other embodiments, the viewing program could
be designed to operate solely on a computer on which it
resides, or it could be resident on a server in a client-server
environment. The program could also be non-monolithic,
using Java or a similar language, in a network-centric envi-
ronment. Given the rate at which software programming and
computing hardware are developing, there are limitless varia-
tions of how to implement the software and hardware to
achieve the desired result of the viewing program.
[0059] In a preferred embodiment shown in FIG. 1, the
viewer program controls the scanning operation and data
offloading via a connection device 14. such as a network
TCP/IP interface. Other connection devices could be used, or
with certain scanners, none may be needed. The General
Electric Logiq 700 ultrasonic scanning device has an internal
buffer that can store a finite amount of image data before
offloading is required to clear the buffer for another scan.
Other scanning devices have no such buffer, but instead pro-
vide an output of streaming data as the scan is being per-
formed. Although a preferred embodiment uses a scanning
device with a buffer, the program is capable of acquiring
image data from scanning devices that continuously offload
streaming data. Other embodiments with different data out-
puts from the scanning device can also be used with the
viewing program.
[0060] In a preferred embodiment, the computer acts as a
receiver and recorder for the ultrasonic images obtained from
the ultrasonic scanning device. As shown in FIG. 6, a pre-
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ferred embodiment uses a handshake sequence between the
viewer and scanner to begin the scan acquisition process 32.
The viewer then invokes the scanner to clear its internal frame
buffer 34 and then to acquire a scan row to its internal buffer
36. The viewer freezes the scanner buffer 38, determines the
number of frames in the buffer, their dimensions and pixel
format 40, initializes a new scan row in the image file 42,
reads individual frames from the buffer 44, counts the frame
format 46 and writes them into the image file 48 on a data
storage device. It then repeats the acquisition process until all
the frames in the scan row are processed 50, and terminates
the scan row in the file 52. It then starts all over with additional
scan rows until the entire scan is acquired in the image file 54.
A preferred embodiment of the viewer uses a proprietary
image file format, which contains a header for patient infor-
mation and scan information (“image file”). In another
embodiment, the viewing program converts the image data
into a DICOM format, which also contains a header for
patient information and scan information. DICOM stands for
“Digital Imaging and COmmunications in Medicine,” and is
a standard developed by ACR-NEMA (American College of
Radiology—National FElectrical Manufacturer’s Associa-
tion) for communications between medical imaging devices.
[0061] FIG. 7 is a flow chart showing the user interface for
the data transfer process from the scanner to the computer.
The user creates a new file by choosing from the file menu 56,
specifies a name for the new file 58, enters the patient data and
relevant information 60, makes a selection from the data
menu 62, and specifies what segment of the breast is about to
be acquired 64. The user then begins the acquisition process
66, and frames are then offloaded sequentially from the scan-
ner’s frame buffer via a connection device 14, such as a
network interface, then normalized, compressed losslessly (if
desired) and written sequentially to the image file, said file
recorded on a data storage device. When all buffered frames
are processed, the viewer terminates the constructed row in
the image file 68. Another scan row can then be acquired and
so on, or the interface to the scanner may be terminated 70.
[0062] For offloading streaming data, the program per-
forms a real-time write-through. The program queries the
scanner for the image format before beginning the acquisi-
tion. Then it buffers a single frame at a time and writes that
one frame to a data storage device, before obtaining another
frame through the sockets interface.

Acquiring the Data

[0063] Ina preferred embodiment, the viewer creates (and
subsequently displays) proprietary image files, the format of
which consists of a file header 72, a patient information block
74, and zero or more blocks of scan row frames 76, as shown
in FIG. 8. The patient information block 74 contains not only
information about the patient, but also information about the
scan itself, such as the depth and width of the scan, length of
the scan row, speed of the carrier during the scan, the number
of frames per second captured by the scanner, the spacing
between each frame, etc.

[0064] In another embodiment where the probe’s angular
position is dynamically adjusted during the scan, the viewer
program records on a data storage device the angular position
of each frame and other information for each frame. The
angular position data can be provided to the viewer program
though the scanner 6, from sensors attached to the probe 8 or
the carrier 5, or from an intermediary computer program that
gathers this data.
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[0065] Rows appear in the image file in the order they are
acquired, not necessarily the order in which they will ulti-
mately be displayed by the viewer. Any number of scan rows
may be included in an image file and there is no limit to the
size of an image file. The data in an image file are laid out in
such a manner that frames within a row are advanced in the
orderin which they will be displayed. This enables the viewer
to do efficient read-ahead buffering during display for opti-
mal viewing smoothness.

[0066] The viewer is implemented to be largely indepen-
dent of the particular scanner hardware with which it is
paired. A specific module written for each scanner is respon-
sible for “normalizing” data from the internal format used by
that particular scanner to the format used within an image file.
Scan row frame elements stored in an image file are written in
a format optimized for rapid rendering during display. In a
preferred embodiment, the viewer is run on computers using
a WIN 32 operating system, and scan frames are written to
image files in an 8-bit format that closely mirrors 8-bit gray-
scale Windows DIB (device-independent bitmap) format.
This allows the images to be efficiently displayed on a Win-
dows computer with practically no routine translation.
[0067] A preferred embodiment pairs the viewer program
with the General Electric Logiq 700 ultrasound scanner. To
translate frame data from the format used internally by the
Logiq 700 or any other scanner, each specific normalizing
filter performs several operations to the format used by the
viewer when creating image files. In the Logiq 700, these
operations include the following:

[0068] 1. Byte #3 (the fourth byte) of every D-word is
stripped

[0069] 2. Transparent color value 255 is normalized to 0

[0070] 3. Scan lines are inverted

[0071] 4.Byte ordering is changed from “Big Endian” to

“Little Endian”
[0072] 5. Scan lines are aligned to 4-byte boundaries
[0073] When interfacing with a different scanner device,
different normalization operations would be appropriate.

Displaying the Images

[0074] After acquiring, converting, and storing the scan
data, the second major task of the viewer is to display the scan
images. The viewer opens a previously created image file and
renders sequential scan row frames within its interface in a
“movie-like” manner. In a preferred embodiment for breast
cancer screening, a breast can be divided into two parts; from
the nipple toward the axilla is the lateral half, and from the
nipple toward the sternum is the medial half. A set of scan
rows for each breast half'is called a “segment,” and thus there
are four segments for two complete breast scans. The viewer
arranges all scan rows such that they are displayed beginning
with right lateral scan rows (arranged such that subsequent
right lateral rows are progressively more lateral), and then
proceeding to right medial scan rows (arranged such that
subsequent rows are progressively more medial). The viewer
then proceeds to left medial scan rows, and then to left lateral
scan rows. Although the above arrangement of the scan rows
is implemented in a preferred embodiment, different arrange-
ments could be used in other embodiments.

[0075] The viewer’s user interface provides access to these
features and capabilities:

[0076] 1. Play, pause, and reset scan row playback
[0077] 2. Step forward and backward between sequential
frames
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[0078] 3. Adjust playback frame rate

[0079] 4. Jump forward and backward between scan
rows

[0080] 5. Export single frames and sets of frames as

standard bit-mapped images
[0081] 6. Select a start point and end point in the frame
sequence and loop playback over that selected frame
scan
[0082]
frames
[0083] 8. Apply imaging enhancements to make features
or anomalies more visible
[0084] 9. Print single frames and sets of frames
[0085] 10.Measure features displayed on certain frames,
given the physical height and width of the frames
[0086] 11. Calculate the physical location of a point of
interest (POI) on a particular frame given a reference
point (RP) (on the same frame or a different frame), the
physical dimensions of the frames, the Z-coordinate
spacing between frames and the X-coordinate overlap of
frames on subsequent scan rows
[0087] 12. Alter the frame magnification
[0088] The user interface for the viewing program looks
and operates in largely the same manner as commercially
available digital video players, such as Microsoft Windows
Media Player, with buttons for Play, Pause, Stop, a slider bar
to move back and forth within segments, etc. The playback
features utilize standard Windows input/output operations
commonly used in digital video applications. A generalized
flow diagram showing the user interface steps for playback
operation is shown in FIG. 9.
[0089] Oneofthe viewer features is the ability to determine
the physical location (on the patient) of any point on any
frame given any selected reference point on the same frame,
or on a different frame. For example, if a physician finds an
abnormality on one frame, he needs to then be able to locate
some prominent feature elsewhere in the frame data, i.e., the
nipple or a temporary mark placed by the operator, and then
find the position of the abnormality relative to that reference
point.
[0090] The user interface for the location feature operates
as shown in the flowchart in FIG. 10. The user marks the
point-of-interest (“POI”’) on a particular frame being viewed
78 by double-clicking it with the computer mouse 80. An
overlapped window then appears, and within that window a
small display pane shows “thumbnail”-sized sonograph
frames taken from the scan rows (actually, the same row
“segment”) in which the abnormality lies 82. The user can
then traverse through the thumbnailed frames until he locates
a reference frame containing a reference point (“RP”) he
wishes to use 84. In the case of a breast scan, the RP will often
be the nipple, which can be positively identified by placing a
special pad over the nipple during the scan, readily identifi-
able on the viewer image. The user can then mark a point on
that reference frame using the mouse 84. The viewer program
immediately calculates the first position relative to the refer-
ence point 86 and displays the results (in both textual and
graphical format) to the user 88. The user then closes the
dialog box to end the function 90.
[0091] To implement the location feature, the viewer takes
advantage of the data known about the scan, which is written
in the image file’s header as part of the data acquisition
process. Such information includes the width of the frame,
and the distance between subsequent frames in a particular

7. Adjust the brightness and contrast of displayed
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scan row, and the offset between scan rows. Within an indi-
vidual frame, the location function calculates the position of
a user-selected point by proportional math, using the number
of image data points (pixels) in the height and width, and the
size of the frame, to calculate the distance of the point from
the sides of the frame. The program counts the number of
pixels across the width of the frame, then the user-selected
pixel position number is multiplied by the frame width and
divided by the total number of pixels. For example, assuming
the frame width is 4 centimeters, the program counts 400
pixels across that width, and the user selected a point at pixel
position 100: 100*4 cm/400=1 cm. So the selected point is 1
centimeter from the side of the frame. The program then
performs a similar calculation to determine the selected
point’s distance from the top ofthe frame. FIG. 10 depicts this
process and also shows how the location function determines
the distances and angles from a user-selected point of interest
(POI) to a user-selected reference point (RP), using the
known values and simple trigonometry 86. In breast cancer
screening, the POI is usually a suspected cancer, and the RP
is the nipple.

[0092] The uniform motion of the carrier results in evenly
spaced frames, and thus the distance from a reference frame
to a particular frame is calculated by counting the number of
frames between them and multiplying by the spacing 86. In
addition, the overlap of each scan row is known, and thus if
the RP is in a different scan row than the POI, determining the
location is a simple matter of determining the overlap and
measuring the distance, and using trigonometry to make any
angular and remaining distance calculations 86. Therefore,
counting the frames from the RP and taking into account their
overlap provides the location of each individual image.
[0093] In a preferred embodiment where the angular posi-
tion of the probe is dynamically adjusted during the scanning
process, the viewing program obtains each frame’s angular
position during the scan, along with the other information
described above. Using that information, the program again
uses simple trigonometry to calculate the distances between
the RP and the POL.

[0094] Another feature of the viewer is its ability to accu-
rately measure the distance between two user-selected points
on a single frame. This allows the user to measure anomalies
or features found in the images. The process for measuring is
very similarto the location function process. Using the known
values for frame depth and width, the measuring function
uses proportional math to determine the distance between the
two points. To measure diagonally across a frame, propor-
tional math is used to determine the lengths of the triangle
legs, and simple trigonometry is used to calculate the length
of the hypotenuse, which is the distance between the points.

Carrier-Less Embodiment

[0095] It is possible to obtain the sequential scans without
the use of a carrier. The probe is coupled with sensors to
provide both location and orientation data that is correlated
with each individual frame. The term “coupled” means the
sensors could be attached to the probe itself, or used to track
the probe’s movement without actual attachment. This loca-
tion and orientation sensor system can provide feedback to
the operator to move the probe over the tissue at the correct
speed, and to start each scan row in the correct position. This
will allow sufficiently complete coverage of the tissue with-
out the need for a mechanized carrier. Alternatively, to obtain
relatively uniform spacing of the frames, the speed sensor on
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the probe can signal the ultrasound scanning device to vary
the frame capture rate to match the speed of the probe as it is
moved across the tissue.

[0096] This carrier-less embodiment does not necessarily
rely on the precise movement of the carrier to provide uniform
spacing between the frames ofa scan row in order to calculate
distances between frames. Because location data are avail-
able for each frame, the location function of the viewer can
use the location information of the POI frame and compare it
to the location information of the RP frame, and make the
requisite distance and trigonometric calculations to deter-
mine the distances from the RP to the POL

[0097] The location and orientation sensor system can be
arranged in a variety of implementations. A simple inclinom-
eter can be used to determine the orientation of the probe in
two or three axes. The location of the probe can be tracked by
an inertial sensor system, or a laser or infrared system, or a
radio frequency local positioning system. Alternatively, a
simple wheel device could be used to measure distances as
well as the speed the probe is being moved over the tissue.
Alternatively, an optical movement sensor, such as those
commonly used in optical mice, or a laser interferometer,
could be attached to the probe to track its movement. When
used for scanning breast tissue in conjunction with a cover-
ing, the covering could be made of some type of fabric that is
compatible with an optical movement sensor. All of these
systems could use a point on the body as a reference location,
such as the nipple when the system is used for breast scan-
ning.

Method for Tissue Screening

[0098] The above-described devices, the probe, scanner,
carrier, and viewing program, can be combined to provide a
method to scan for anomalies in cellular tissue, such as can-
cers. The tissue is scanned, and the user views the images on
acomputer, rapidly scanning through the images in a “movie-
like” fashion. This technique causes any anomalies in the
tissue to become visible during the rapid sequential playback,
as they distort or disrupt normal fibrous planes or sheets. The
user can then run the images back and forth until the frame
containing the anomaly is found, and the user can mark that
anomaly and locate it using the location function of the pro-
gram. Follow-up studies can be performed using the location
information, including a more focused ultrasound investiga-
tion, biopsy, etc.

[0099] Individual images can be manipulated using image
software such as Photoshop, using filters and other manipu-
lation techniques to enhance the appearance of the anomalies
and make them more visible. In addition, a variety of image
enhancement algorithms are commonly known in the art and
the viewer program allows them to be used “on the fly” as the
images are displayed in rapid succession.

[0100] Itis anticipated that the image review process could
eventually be automated, once software is developed to iden-
tify any anomalies. If necessary, the user could then study the
images to determine the accuracy of the software’s identifi-
cation.

[0101] For scanning breast tissue specifically, a preferred
methodology is as follows. The mechanical probe carrier is
used, and depending upon the size of the probe, the breast
may be scanned in strips or in its entirety, in either multiple
passes or a single pass, respectively. The breast may be
scanned with or without acovering. FIGS. 11A and 11B show
a bra-like covering 92 that may aid in holding the breast in
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position for screening, as well as assisting in uniform integ-
rity of image gathering by reducing information loss from
ultrasonic shadowing. The covering also provides some mod-
esty for the patient. Current ultrasound technology requires
the use of sonographic coupling agent, usually a gel, to
exclude any air between the probe and the skin. Therefore,
any such covering would have to be capable of absorbing the
gel, and be relatively transparent to ultrasonic energy. The
covering could be pre-impregnated with the coupling agent,
or the agent could be applied by the operator just prior to the
scan, or both. To avoid having the patient pull a gel-soaked
covering over her head after the scan is completed, a preferred
embodiment of the covering is designed to dismantle after
use. The covering is equipped with a seam in the back 94 that
is constructed with chain stitching so that the covering may be
removed by slipping it off the patient’s arms. Chain stitching
is similar to thatused on bags of dog food and charcoal, where
the stitching is easily pulled out just by pulling on one end.
The shoulder seams 96 could also be made with chain stitch-
ing to further ease removal. Since a preferred embodiment of
the covering is designed to be a single-use item, the covering
could be cut off with scissors without the need for special
stitching. Zippers, hook and loop (Velcro™), or other fasten-
ers could also be used to ease the putting on or removal of the
covering, and would allow the covering to be re-used. A
preferred embodiment uses a stretch fabric for the covering,
but any suitable material that can conduct or pass through
ultrasonic energy could be used.
[0102] A nipple pad is placed on each of the patient’s
nipples to provide a reference point on the images. The nipple
pad shows up on the scan images due to its ultrasonic char-
acteristics that distinguish it from the breast tissue. The nipple
pad has the added benefit of reducing ultrasonic shadowing.
FIGS. 12A, 12B and 12C depict a preferred embodiment of a
nipple pad, which is made of an ultrasonically conductive
material, such as a solid gel. A preferred embodiment of the
pad is approximately 40 mm in diameter and varies in thick-
ness from 1to 4 mm, but other sizes could be used. Larger and
thicker gel pads are commercially available for isolated ultra-
sound scans, where offsetting the probe from the tissue is
advantageous. As shown in FIGS. 12A, 12B and 12C, the
circular pad has a lenticular shape—it is tapered to an edge
about the full periphery of the pad, and has a very smooth
surface. The edge ofthe pad is thick enough to resist tearing,
yet thin enough to allow the ultrasound probe to traverse its
periphery during scanning without dislodging the pad or
causing an ultrasonic shadow at the pad’s edge. The pad may
be held in place by positioning it beneath the above-men-
tioned fabric covering.
[0103] Another methodology can be used to obtain the
images, without the use of a mechanized probe carrier, as
described above. Again, the covering and nipple pad may be
used.
[0104] As described above, the images are reviewed in a
rapid sequential fashion, imparting a sense of motion through
the breast tissue. The reviewer can observe or detect a disrup-
tion of the normal breast architecture through comparative
image analysis or observation. The method has advantages
over other ultrasound scanning techniques, including the fol-
lowing:
[0105] 1) Parallel and contiguous images are obtained,

optimizing the coverage of the breast tissue and improv-

ing the appearance of the images when viewed in a

“movie-like” fashion.
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[0106] 2) The entire breast is imaged in a uniform and
reproducible manner.
[0107] 3) The images may be maintained and reviewed
singularly, in strip form, or assembled to represent an
entire breast, such as 3-D reconstruction.
[0108] Accordingly, an improved ultrasonic cellular tissue
screening tool is disclosed. Although embodiments and appli-
cations of this invention have been shown, it would be appar-
ent to those skilled in the art that many more modifications are
possible without departing from the inventive concepts
herein. The invention, therefore, is not to be restricted except
in the spirit of the appended claims.
What is claimed is:
1. A system for screening cellular tissue, the system com-
prising:
an ultrasound scanning device including an ultrasound
probe configured to obtain a plurality of images of the
cellular tissue as the probe moves over the cellular tis-
sue;
a location and orientation sensor coupled with the ultra-
sound probe, the location and orientation sensor config-
ured to obtain location and orientation data associated
with each of the plurality of images;
a processor operatively coupled to the ultrasound scanning
device and to the location and orientation sensor, the
processor configured to:
receive each image and the location and orientation data
associated with each image;

display the received images on a viewer;

accept as input a first user-defined point and a second
user-defined point, each user-defined point being in
one of the images; and

determining a distance the first user-defined point and
the second user-defined point using the location and
orientation data associated with each image.

2. The system of claim 1, wherein the first user-defined
point and the second user-defined point are on a single image.

3. The system of claim 1, wherein the first user-defined
point is on a first image, and the second user-defined point is
on a second image.

4. The system of claim 3, wherein the plurality of images
are obtained in a plurality of mutually adjacent scan rows, the
first image being in a first of the mutually adjacent scan rows,
and the second image being in a second of the mutually
adjacent scan rows.

5. The system of claim 1, wherein the first user-defined
point corresponds to a predetermined anatomical reference
point.

6. The system of claim 1, wherein the second user-defined
point corresponds to a tissue anomaly.

7. The system of claim 1, further comprising:

a carrier driven to move progressively over the cellular
tissue, the ultrasound probe being mounted to the car-
rier; and

a controller in communication with the ultrasound probe to
sequentially activate the ultrasound probe during pro-
gressive movement.

8. The system of claim 7, wherein progressive movement
of the ultrasound probe is matched to an image capture rate of
the ultrasound probe.

9. The system of claim 7, further comprising a motor
coupled to the carrier and to the ultrasound probe, wherein the
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motor is configured to adjust an angular position of the ultra-
sound probe, and the controller is configured to control the
motor.
10. The system of claim 1, wherein an image capture rate of
the ultrasound probe is matched to movement of the ultra-
sound probe over the cellular tissue.
11. A system for screening cellular tissue, the system com-
prising:
an ultrasound scanning device including an ultrasound
probe configured to obtain a plurality of images of the
cellular tissue as the probe moves over the cellular tis-
sue;
a location and orientation sensor coupled with the ultra-
sound probe, the location and orientation sensor config-
ured to obtain location and orientation data associated
with each of the plurality of images;
aprocessor operatively coupled to the ultrasound scanning
device and to the location and orientation sensor, the
processor configured to:
receive each image and the location and orientation data
associated with each image;

display the received images on a viewer;

accept as input a user-defined point located within the
plurality of images; and

determining a distance the user-defined point and a pre-
determined reference point located within the plural-
ity of images using the location and orientation data
associated with each image.

12. The system of claim 11, wherein the first user-defined
point and the second user-defined point are on a single image
of the plurality of images.

Apr. 9,2015

13. The system of claim 11, wherein the first user-defined
point is on a first image of the plurality of images, and the
second user-defined point is on a second image of the plural-
ity of images.

14.The system of claim 13, wherein the plurality of images
are obtained in a plurality of mutually adjacent scan rows, the
first image being in a first of the mutually adjacent scan rows,
and the second image being in a second of the mutually
adjacent scan rows.

15. The system of claim 11, wherein the predetermined
reference point corresponds to a predetermined anatomical
reference point.

16. The system of claim 11, wherein the second user-
defined point corresponds to a tissue anomaly.

17. The system of claim 11, further comprising:

a carrier driven to move progressively over the cellular
tissue, the ultrasound probe being mounted to the car-
rier; and

a controller in communication with the ultrasound probe to
sequentially activate the ultrasound probe during pro-
gressive movement.

18. The system of claim 17, wherein progressive move-
ment of the ultrasound probe is matched to an image capture
rate of the ultrasound probe.

19. The system of claim 17, further comprising a motor
coupled to the carrier and to the ultrasound probe, wherein the
motor is configured to adjust an angular position of the ultra-
sound probe, and the controller is configured to control the
motor.

20. The system of claim 11, wherein an image capture rate
of the ultrasound probe is matched to movement of the ultra-
sound probe over the cellular tissue.
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